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STABILIZING OPERATIONS ON THE FOOT 
A Strupy OF THE INDICATIONS, TECHNIQUES USED, AND ENp RESULTs * 


BY ROBERT LEE PATTERSON, JR., M.D., FRANK F. PARRISH, M.D., AND 
ELWOOD N. HATHAWAY, M.D., NEW YORK, N. Y. 


From the Orthopaedic Service of the Hospital for Special Surgery, New York City 


At The Hospital for Special Surgery in New York, over 1,300 operations for stabiliza- 
tion of the foot were performed between the years 1935 and 1947, inclusive. During the 
past year, 305 of these procedures were studied, as carried out on 233 patients. No patient 
was examined less than one year after operation. Since other members of our Staff have 
reported the results of astragalectomy “, of posterior bone block “, and of stabilization 
of the medial border of the foot for congenital flat-foot “, these findings have been omitted 
from the present study. The patients who returned for re-examination were those who 
had had one or more of the following eight procedures: 

1. Hoke stabilization 


2. Brewster countersinking operation 

3. Triple arthrodesis 

4, Lambrinudi stabilization 

5. Panarthrodesis 

6. Subtalar arthrodesis 

7. Primary wedge osteotomy 

8. Revision procedures for failure of a primary bone procedure. 


These operations were carried out by sixty-six surgeons. Their results are subject to 
all of the variables which occur when different surgeons perform operations, especially in 
such an institution as The Hospital for Special Surgery, where the teaching of residents 
undergoing postgraduate training in orthopaedic surgery is a primary objective. 


Indications for Operation 

Any operative procedure for stabilization is intended to correct deformity or instabil- 
ity or to relieve pain which greatly handicaps a patient in normal stance or gait. In numer- 
ous instances, the reconstruction has been performed to permit the fitting of a brace on an 
otherwise useless extremity, in order that ambulation might be started. 

A study of the records in the 1,300 cases mentioned shows that operations have been 
done for a number of different conditions (Table I). 


Discussion of Technique of Operation 


The patient is placed on the table on his side, with the extremity to be operated upon 
uppermost (Fig. 1). The hip and knee are each flexed about 30 degrees. The medial border 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 25, 1949. 
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TABLE I 


ETIOLOGICAL INDICATIONS FOR Foot STABILIZATION 








1. Flaccid Paralysis 
Poliomyelitis 
Spina bifida 
Friedreich’s ataxia 
Polyneuritis 
Charcot-Marie-Tooth atrophy 
Muscle dystrophy 
Postencephalitis 
Arnold-Chiari syndrome 
Pelizaeus-Merzbacher disease 


2. Spastic Paralysis 
Infantile cerebral palsy (spastic and other types) 
Hemiplegia and paraplegia (due to trauma and other causes) 


3. Congenital Anomalies 
Recurrent and uncorrected club-foot 
Arthrogryposis multiplex congenita 
Idiopathic claw-foot (questionable) 


os 


. Painful Flat-Foot 
Spastic flat-foot 
Congenital weakness of the foot 
Rigid flat-feot (caleaneonavicular coalition and other congenital anomalies) 


5. Arthritis of the Foot 
Rheumatoid arthritis 
Osteo-arthritis or post-traumatic arthritis 


6. Trauma 
Dislocation or fracture-dislocation (old) 
Malposition of fractures in mid-tarsal or hind-foot region 


. Infection 
Septic 
Tuberculous 
Charcot joint (possibly due to syphilis) 


~I 


of the foot is placed on a sandbag, which serves to make it parallel with the table and at 
the same time offers support when the joints are being resected. Care is taken to avoid 














Fia. 1 Fig. 2 


Fig. 1: Position of the patient on the operating table for foot stabilization. 
Fig. 2: Tendon of flexor hallucis longus is seen on medial side of foot. 
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Fic. 3 Fic. 4 
Fig. 3, A: Failure to remove navicular “beak” may prevent lateral displacement of adducted fore part 
of the foot. 
Fig. 3, B: Shows correction of deformity with good alignment, following resection. 
Fig. 4: Alignment of foot. 
A: Normal foot, ankle, and knee alignment without tibial torsion. 
B: Incorrect: Foot is aligned with knee, not ankle, in the presence of lateral tibial torsion. 
C: Correct: Foot is aligned with ankle joint in the presence of lateral tibial torsion. 


injury to the sural nerve and the branches of the superficial peroneal nerve. After the 
origins of the short extensor muscles have been dissected, the sinus tarsi has been cleaned 
out, and the fibulocalcaneal ligament has been cut, the talonavicular, the caleaneocuboid, 
and the subtalar joints can be seen clearly. 

The joint surfaces are resected with an osteotome rather than being cleaned with a 
curette, to ensure removal of all cartilage. After the talocalcaneal joint has been resected, 
the tendon of the flexor hallucis longus comes into view on the medial side of the foot 
(Fig. 2). The posterior tibial nerve and artery lie beyond this, so that great care must be 
given to the soft tissue in this area. There is often a ‘‘ beak” or “hook” on the navicular 
(Fig. 3,A) which projects backward along the medial side of the head and neck of the 
talus. This is taken off flush with the main body of the navicular, through a separate inci- 
sion if necessary, as it often prevents lateral displacement of the fore part of the foot 
(Fig. 3,B). At this point the foot is in three distinct “pieces’’,—namely, the fore part, the 
‘alcaneus, and the remnant of the talus firmly fixed within the ankle mortise. Each of these 
“pieces” can be moved in any direction independently of the others. The foot is then 
lined up properly with the ankle mortise. /t is never aligned with the knee (Fig. 4). 

If there is tibial torsion, it may be necessary to rotate the calcaneus internally or 
externally beneath the talus and, of course, the fore part of the foot is lined with the hind 
portion. After a wedge has been taken or after simple resection of joints, close contact 
between all resected surfaces is imperative. If necessary, temporary fixation with Stein- 
mann pins or Kirschner wires should be resorted to for maintenance of contact, alignment, 
and stability. Once this has been effected, sutureof the fibulocalcaneal ligament and one 
suture through the bone at the calcaneocuboid joint will help to maintain the corrected 
position of the foot until the wound has been closed and application of plaster has been 
completed. 


Postoperative Management 
The patient is taken from the operating theater with the extremity elevated in a 
special rack (Fig. 5-A), to avoid any period of dependency. The elevation is maintained 
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Fia. 5-A 


Postoperative elevation of extremity in 


“astragalectomy” rack. 





Fig. 5-B 


Elevation by means of a sling. 





by means of a sling for the first week (Fig. 5-B), after which short periods of dependency 
are allowed. These are gradually increased in duration and frequency. At the end of three 
weeks, the sutures are removed and a below-the-knee plaster is applied, after which 
roentgenograms are taken. Ambulation with crutches is permitted at this time. A walking 
heel is placed on the plaster at four to six weeks following operation, and weight-bearing 
is allowed. The plaster is again removed at the end of twelve weeks. When fusion is secure, 
as proved by roentgenographic examination and only by this means, the leg is wrapped 
with an adhesive elastic bandage and progressive weight-bearing is started with the use 
of crutches. 


Roentgenograms 

Three routine views (Figs. 6-A, 6-B, and 6-C) are taken, both before and after opera- 
tion. These consist of a dorsoplantar projection of the foot, an anteroposterior projection 
of the ankle, and a lateral projection of the foot and ankle. 
Method of Study and Grading 

Every patient reported in this series had roentgenograms and photographs on his 
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Fia. 6-A Fia. 6-B 


Routine roentgenographic projections used: 
Fig. 6-A: Dorsoplantar view of foot. Fig. 6-B: Anteroposterior view of ankle joint. 


Fia. 6-C 


Lateral view of foot and ankle. 
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return to the Hospital and was personally examined by one of the authors. It was found 
that 269 primary bone operations and 36 revision procedures had been performed on 233 
patients. 

In the evaluation of end results, both the anatomical and functional aspects must be 
taken into consideration, as stressed by Hallgrimsson in his excellent monograph. We 
have established our standards on the basis of an ideal foot (Figs. 7-A and 7-B), but have 
graded the outcome of the cases as good (Figs. 8-A and 8-B), fair (Figs. 9-A and 9-B), or 
failure (Figs. 10-A and 10-B). The end result has not been down-graded in a case of 
poliomyelitis because of foot-drop, or in a cerebral spastic because of a shuffling gait 
(Table II). 


DESCRIPTION OF FINDINGS IN THE EIGHT OPERATIVE PROCEDURES 
Hoke Arthrodesis (Fig. 11) 


The authors considered an operation to be a Hoke arthrodesis 7 when the head and 
neck of the talus were excised, with a portion later reinserted and the talocalcaneal joint 
resected; in all cases except five the caleaneocuboid joint was included. 

This operation was done on twenty-seven patients with poliomyelitis, on sixteen 
with some type of spastic paralysis, on five with congenital flat-foot, on five with congenital 
club-foot, on two with Friedreich’s ataxia, and on one with rheumatoid arthritis. Every 
deformity and combination 
of deformities is represented 
in this series. The patients 
were operated upon at an 
average age of 13.3 years, 








the youngest being seven 
and the oldest thirty-seven, 
and were examined on an 
average of 5.9 years after 
operation. At the time of 
the arthrodesis, five supple- 
mental procedures were em- 
ployed, consisting of two 
‘Fra. 7-A transplants of the extensor 






® 2? 





Fig. 7-B 


Excellent result. 
Fig. 7-A: Postoperative photographs following stabilization of left foot. 
Fig. 7-B: Postoperative roentgenograms of same foot. 
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STABILIZING OPERATIONS ON THE FOOT 7 
hallucis longus to the neck of the first metatarsal, two transplants of the peroneal tendons, 
and one plantar fasciotomy. At the time of the follow-up study, three of these patients 
complained of some degree of pain, seven of varying amounts of fatigue, and four of some 
instability. The total period of immobilization averaged 11.6 weeks. 

Correction of the deformity was good in twenty-seven cases, fair in twenty-two, and 
poor in seven. Of twenty-four feet showing varying amounts of fixed equinus before opera- 
tion, five had some residual difficulty. Of seventeen patients who had drop-foot before 
surgery, thirteen had such deformities postoperatively. In none of the seventeen patients 
were tendons transplanted into the dorsum of the foot. Valgus deformity appeared in 
twenty-six preceding the bone procedure, and was well corrected in all but seven. Varus, 
noted twenty-one times before surgery, remained in twelve. Cavus, present in nineteen 
before surgery, existed in eight at follow-up. Of four patients having calcaneus deformity 
before operation, incomplete correction was present in two. 

Pseudarthrosis occurred in only four patients, each time at the talonavicular joint. 
In three of these, postoperative roentgenograms showed the resected surfaces to be in poor 
contact. The average period of immobilization for these four patients was 12.5 weeks. 
Only one of the four had pain. The healing was reported as poor roentgenographically in all 
four instances, when the plaster had been removed; but, in spite of this warning, immobili- 
zation was discontinued. 
There was one peripheral- 
nerve injury in the series, 
and one patient had chronic 
phlebitis which has subse- 
quently been relieved by 
lumbar sympathetic blocks. 

The end results of the 
fifty-six Hoke arthrodeses 



















were as follows: 


Number Per cent. 
Good.....<.. @ 58.9 
ee i, 28.6 
Failure...... 7 12.5 





Fia. 8-B 


Good result. ; 
Fig. 8-A: Postoperative photographs following triple arthrodesis of left foot. 
Fig. 8-B: Postoperative roentgenograms of same foot. 
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TABLE II 


CRITERIA USED FOR EVALUATION OF END RESULTS 











Ideal Result 
Fusion of all joints 
No pain or instability 
Heel well aligned in the lateral plane 
Foot aligned with ankle joint 
Foot hits ground flatly in heel-toe gait 
Dorsiflexion limited sufficiently to give push-off 
Plantar flexion limited sufficiently to avoid steppage or drop-foot gait 


Good Result 
Fusion of all joints 
Minimal pain or instability 
No callosities on plantar surface of foot 
Foot aligned with ankle joint 
Optimal correction cf deformity (equinus, varus, valgus, calcaneus, 
cavus, or combinations of these abnormalities) 
Heel-toe gait 


Fair Result 
Fusion of at least two joints (including talocalcaneal articulation) 
Definite improvement in pain and stability 
Mild callosities or none at all 
Moderate correction of deformity 


Failure (one or more of the following) 
Failure of fusion of talocalcaneal joint (other joints may or may not be 
fused) 
Persistence of marked pain or instability 
Marked plantar callosities 
Definite undercorrection, overcorrection, or recurrence of deformity 








All seven failures, without exception, were due to recurrence or undercorrection of the 
deformity. In four of these, roentgenograms immediately after operation, while the leg was 
in plaster, showed failure of correction of the deformity. A fifth patient had loss of position 
in plaster or at the time the plaster was changed, and pseudarthrosis at the talonavicular 
joint; his foot had not been aligned properly with the ankle. The sixth patient had a recur- 
rence of deformity due to muscle imbalance, and such severe ankle instability that a 





Fig. 9-A Fie. 9-B 
; Fair result. 
Fig. 9-A: Photograph eleven years following Brewster countersinking operation on right foot. 
Fig. 9-B: Painless pseudarthrosis of the talonavicular joint resulted, the only cause for this rating. 
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panarthrodesis was later required. The seventh case was listed as recurrence of deformity 
due to poor ankle alignment. 

The forty-five patients upon whom fifty-six Hoke arthrodeses were performed had 
fewer complaints at re-examination than had patients treated by any other operative 
method. The percentage of pseudarthrosis was far smaller, yet the average age of patients 
at operation was 13.3 years,—the youngest of any of the groups examined. This analysis 
indicates that the Hoke stabilization can be adapted successfully to the correction of any 
combination of foot deformi- 
ties. The greatest number of 
failures occurred after varus 
deformities and drop-foot. 
Residual varus most fre- 
quently represents timidity 
on the part of the surgeon in 
taking adequate lateral 
wedges, failure to maintain 
immobilization until the ar- 
throdesis has been consoli- 
dated, improper alignment 
of the foot with the ankle 





Fie. 10-A 





Fia. 10-B 


Failure. 
Fig. 10-A: Photographs taken after Lambrinudi stabilization show causes for failure rating. 
Fig. 10-B: Follow-up roentgenograms showing deformity and pseudarthrosis of talonavicular joint, 
which was painful. 


joint, or a combination of all of these factors. This is entirely a technical failure which is 
not peculiar to the Hoke stabilization, but is common to all stabilizations reported here. 
This procedure by itself cannot be relied upon to correct drop-foot, but if adequate muscle 
power is available which can be transposed to the dorsum of the foot, the prognosis for 
alleviation of this deformity is excellent. 

Brewster Countersinking Operation (Fig. 12) 

This procedure! was carried out for deformity resulting from poliomyelitis in nine 
instances and from spastic paralysis in one. It was performed nine times for equinus de- 
formity and once for a calcaneocavus flail foot. The average age at operation was 19.5 
years, and the patients were seen at an average of 5.7 years after surgery. At the time of 
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Fig. 11 Fig. 12 
Hoke arthrodesis. Brewster countersinking operation. 





Fig. 13 Fia. 14 


Triple arthrodesis. Lambrinudi stabilization. 


re-examination three patients had ankle pain, two complained of ankle instability, and four 
of foot fatigue. 

The total period of immobilization in plaster averaged 12.2 weeks. Three of the opera- 
tions were accompanied by tendon transplantation; two of the transplants were rated as 
active at the follow-up examination. 

Five patients showed good correction of their deformity, four partial correction, and 
one a poor correction. In each instance of undercorrection, drop-foot was the deformity 
which remained. The foot seemed well displaced backward in each of the ten cases. In two 
cases which had tendon transplantation to the dorsum of the foot, there was no residual 
drop-foot. 

Pseudarthrosis developed in two cases, each time at the talonavicular joint. A strong 
tendency was noted for the talus to be displaced out of the notch fashioned for it in the 
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Fig. 15 
Panarthrodesis. 


valeaneus, particularly during the first 
few days after operation. 

The end results of ten Brewster 
countersinking operations were as fol- 


lows: 

Number Per cent. 
Good oe 5 50 
, ee 3 30 
Failure . . 2 20 


Of the failures, one, in a case of 
spastic paralysis, was due to pseudar- 
throsis at the talonavicular joint, ac- 
companied by severe pain; the other 
was due to only partial correction of the 
deformity, accompanied by severe ankle 
instability. 

From the study of this small group 
of patients, we have the impression that, 
technically, the Brewster countersink- 
ing procedure, as described in the litera- 
ture, is difficult to carry out. There ap- 
pears to be a tendency for displacement 
of the talus from the countersunk posi- 
tion and, unless adequate muscle power 





Fig. 16 


WAX > 





Fia. 17 
Subtalar arthrodesis. 


is available for transplantation to the dorsum of the foot, the operation cannot be relied 


upon to correct drop-foot. 


Triple Arthrodesis (Fig. 13) 


Resection of the cartilaginous surfaces of the talonavicular, caleaneocuboid, and 
talocalcaneal joints, with correction of deformity in an architectural manner, was consid- 
ered by the authors to be a triple arthrodesis ". This stabilization was done for poliomye- 
litis in forty-seven instances, for Friedreich’s ataxia in twelve, for spastic paralysis in ten, 
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for deformities of a congenital nature in fourteen, for trauma in three, and once each for 
spina bifida, old fracture, and infectious arthritis. Equinocavovarus and equinovarus 
deformities were present in fifty-seven feet, simple valgus in twenty-one, flail foot in four, 
rocker-bottom deformity in two, and caleaneal foot with added valgus or varus in five 
others. Drop-foot was noted preoperatively in twenty-seven of the cases. The operation 
was done when the patients were at an average age of 16.7 years. At follow-up study, 
which averaged 5.4 years after operation, some degree of pain was found in nineteen feet, 
fatigue in twenty-one, and instability in four. 

Additional surgery performed at the time of the bone procedure was: lengthening of 
the tendo achillis in five, section of the posterior tibial tendon in seven, and transplanta- 
tion of the anterior tibial tendon to the dorsum of the foot in five. The period of plaster 
immobilization averaged 12.7 weeks. 

Good correction of the deformity was accomplished in thirty-seven feet, partial cor- 
rection in forty-two, and poor correction in seven. In the remaining cases, the operation was 
performed for pain and not for deformity. The component of varus, either alone or in com- 
bination with one of the other deformities, remained in twenty-three feet. Drop-foot still 
existed in eighteen feet, although in one of these the peronaeus longus had been trans- 
planted to the dorsum of the foot, and another had had transplantation of the extensor 
hallucis longus to the neck of the first metatarsal. Of the nine successful recoveries, four had 
transplantation of the peronaeus longus to the dorsum of the foot and one had transplanta- 
tion of the extensor hallucis longus to the neck of the first metatarsal. The remaining four 
regained muscle power when the long-standing equinus was overcome and the foot was 
placed in a good anatomical position. Twice rocker-bottom deformity occurred as a result 
of forceful dorsiflexion of the foot at the time of operation, when fixed equinus deformity 
had not been corrected. 

Pseudarthrosis occurred twelve times at the talonavicular joint, and in one of these 
vases there was also failure of fusion at the talocalcaneal joint. In six of the twelve cases of 
pseudarthrosis, pain was present to some degree; in two, it was of sufficient severity to 
result in the grading of the operation as a failure. 

The final grading for the eighty-nine cases of triple arthrodesis was as follows: 


Number Per cent. 
NR istic red wna o ZS Lad We aS MR the A eae 48 53.9 
ae 2 Se we cone ak bau hle-& dea Dk ceadtind nalenatalal he eae ate toeeae 27 30.3 
I as 8) 5 Soc rhe ecd yg aca hha ok gh ea ea 14 15.7 


Of the failures, nine had undercorrection of the deformity immediately after opera- 
tion. Recurrence of deformity with failure of fusion at the talocalcaneal joint and poor 
ankle-foot alignment appeared in two patients. One had marked overcorrection of the 
deformity with muscle imbalance and too short a period of immobilization. Another pa- 
tient had failure of fusion of the talonavicular and talocalcaneal joints, accompanied by 
severe pain. The last patient had depression in a plantar direction of the first metatarsal 
head in an equinus foot, with an extremely painful callosity under the head of that bone. 

Triple arthrodesis is, in the authors’ experience, the most commonly used stabilizing 
procedure. It does not lend itself well to backward displacement of the foot, as the head 
and neck of the talus are left intact. It is not so adaptable to the correction of a fixed equi- 
nus as the Lambrinudi procedure, nor was it used in the correction of so many types and 
combinations of deformities as was the Hoke stabilization. 


Lambrinudi Stabilization (Fig. 14) 


This operation * ® * * was done fifty-five times. In thirty-five instances it was carried 
out for poliomyelitis, in four for Friedreich’s ataxia, in four for some other type of neuro- 
genic foot disorder, and in one instance for drop-foot in which the etiology was not clear. 
The deformities present before surgery were as follows: fixed equinus, forty; drop-foot, 
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nineteen; varus, thirty-one; valgus, eighteen; cavus, twenty-four; and calcaneus, eight. 
The most common single deformity for which the operation was chosen was fixed equinus. 
The patients were examined on an average of 5.1 years after operation. At that time, thir- 
teen complained of some degree of pain in the foot, nine of fatigue, and four of instability. 

The operations were performed when the patients were at an average age of 14.4 years. 
Immobilization averaged thirteen weeks. 

Thirty of these patients showed good correction of their deformity, twenty showed 
partial correction, and five showed poor correction. Only three patients had residual fixed 
equinus of the fore part of the foot and the hind part; three had fixed equinus of the fore 
part of the foot alone. Twelve patients were left with incomplete correction of varus of the 
fore and hind parts of the foot, three with only some varus of the fore part of the foot. 
Twelve still had drop-foot deformity. Of the patients with residual drop-foot, one had 
undergone transplantation of the extensor hallucis longus to the neck of the first meta- 
tarsal, and another transplantation of the peronaeus longus to the navicular. Of the seven 
patients who had had correction of their drop-foot, in four the peronaeus longus had been 
transplanted to the dorsum of the foot, and in three the deformity was overcome without 
tendon transplantation. These patients recovered because of a return of muscle tone when 
the foot was placed in a more anatomical position as a result of the bone procedure. 

There were sixteen failures of fusion at the talonavicular joint, and one each at the 
talocalcaneal and calcaneocuboid joints. In six of the talonavicular-joint pseudarthroses, 
poor contact was evident immediately after operation, while the leg was in plaster. This 
was also true of the talocalcaneal failure. This group of patients, in whom non-union devel- 
oped, had an average period of immobilization in plaster of twelve weeks. Of the six talo- 
navicular joints in which contact was poor, immobilization averaged thirteen weeks. In five 
of the six, poor heaiing took place in the arthrodesis, as shown by roentgenograms when the 
plaster had been removed; this also occurred in the patient with failure of stabilization at 
the talocalcaneal joint. These facts show the need of contact of resected surfaces in arthrod- 
esis and of further immobilization when roentgenograms show delayed or poor healing. 

The final grading of the fifty-five Lambrinudi stabilizations was as follows: 


Number Per cent. 
Good. ...... on GeBtane ane sitiescueata . 25 45.5 
| are Eads ed cares dap atiensandie a 22 40.0 
II oo a esis d 6 sa ere lersiaraias ; Ste seis ; , 8 14.5 


Of the failures, two were due to painful pseudarthrosis and six to residual deformity. 
Three of the last six showed definite undercorrection of the deformity immediately after 
operation, while the leg was in plaster. This was further exaggerated by poor ankle-foot 
alignment, too early immobilization in two cases, and muscle imbalance in a third. Of 
the three with deformity, one had poor ankle-foot alignment; mobilization was carried out 
too soon, and non-union developed at the talonavicular joint. The second had poor ankle- 
foot alignment and recurrence of varus; and the final case showed uncorrected drop-foot 
with painful callosicies on both the medial and lateral aspects of the foot. 

This analysis of fifty-five surgical end results shows that the Lambrinudi procedure is 
preferable for the correction of fixed equinus. This preference has been well justified, since 
the Lambrinudi operation far surpasses all other bone operations for correction of this 
deformity. It again emphasizes the inability of foot stabilization alone to correct drop-foot; 
the chances of the average patient with paralysis regaining enough muscle power to ac- 
tively dorsiflex the foot are small unless lateral muscles for transplantation are available 
and can be used. The susceptibility of the talonavicular joint to non-union appears to be 
increased by this particular operation, as witnessed by 29 per cent. of pseudarthrosis in 
this series. Therefore, in such a procedure, the authors would like to stress the necessity 
for adequate contact of a large surface of bone at this operative area plus adequate 
roentgenographic evidence of secure healing before immobilization is discontinued. 
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TABLE III 


Enp ReEsu ts tn 305 Foor Srasi.izATIONs 








Result Patient Evaluation 
No. of a Bis See 
Procedure P 
| Operations | E Bs a Dis-  Question- 

Gees Kes Paibere Pleased __ pleased able 
Hoke stabilization 56 33 16 7 49 2 5 
Brewster countersinking | 10 5 3 2 7 3 
Triple arthrodesis | 89 | 48 27 14 70 11 8 
Lambrinudi stabilization | 55 25 22 8 | 46 9 
Panarthrodesis 20 13 5 2 18 2 
Subtaiar arthrodesis 16 | 6 5 5 11 1 4 
Wedge osteotomy 23 | 10 5 8 19 4 
Revisions 36 17 10 9 32 4 
Total 305 157 93 55 252 36 17 





| | (51.48%) (30.49%) (18.03%) | (82.6%) (11.8%) (5.6%) 


Panarthrodesis (Fig. 15) 

This operation * ® '° !*: 3 was performed twenty times, in each instance for poliomyeli- 
tis. One patient had had previous stabilization and posterior bone-block operation, com- 
plicated by avascular necrosis of the talus. Panarthrodesis was carried out for deformity or 
instability in all but this last case; here the operation was done for relief of pain. The de- 
formity in the nineteen cases was dangle foot (flail foot), or drop-foot, combined with 
varying degrees of varus, valgus, cavus, or calcaneus deformity. The operation was done 
at an average age of 20.7 years, the follow-up at an average of 4.7 years after operation. 
Four patients complained of some ankle pain, one of tarsal pain after walking a long dis- 
tance, and two of pain referable to the fifth metatarsal head. Some degree of ankle or foot 
fatigue was present in seven patients, but none complained of instability. 

Seven of the operations were completed in one stage and thirteen in two stages, with 
several weeks or months elapsing between procedures. Total immobilization averaged 22.5 
weeks. Pseudarthrosis developed in four patients, one having failure of fusion at two joints. 
Three of the non-unions occurred at the talonavicular joint and two at the ankle joint. In 
four of these resected joints, contact between the surfaces was poor, as shown by roent- 


TABLE IV 


REsutts oF Foor STaBILizATION IN POLIOMYELITIS 








: , ; Average Length Evaluation 
Type of Procedure on ned ¥ of Follow-up | * 
en (Years) Good Fair Failure 
Subtalar arthrodesis 7 8.7 3 1 3 
Wedge osteotomy 11 7.2 5 1 5 
Brewster countersinking 9 5.6 5 3 1 
Hoke stabilization 27 6.7 13 10 4 
Lambriaudi stabilization 35 5.9 15 15 5 
Triple arthrodesis 46 | 5.1 | 27 13 6 
Panarthrodesis 20 4.7 13 5 2 
| 
Total 155 5.9 81 48 26 


| (83.2%) (16.8%) 
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TABLE V 


CORRECTION OF DEFORMITY IN POLIOMYELITIS 








Per cent. of 





Deformity Number Correction 
Drop-foot (including dangle foot or flail foot). .......... 95 45.3 
II b6 le :5. 6.4. ARI NS OA o DON bE eA eID wid since 76 86.9 
ee SRI... Seen So een es. nee epee mean: 75 45.3 
NINE evo se as; StaGes eas ats Eee Lt Re aed eer 56 78 .6 
MS od, ih 2.5 a ee Siew Seo apd ors Eas ees she 88.4 
SNS 9. sting ius ng eo otreead Masai neo ea 3 anes 19 73.7 





genograms taken immediately after operation, and it remained poor. In the fifth, the 
talonavicular joint, delayed union was noted when the patient’s leg was removed from 
plaster. The average time of immobilization of these five joints was thirty-nine weeks. In 
three cases the pseudarthrosis has subsequently been repaired successfully, and the results 
are satisfactory. Six patients in the series had some type of wound difficulty. Sloughing 
occurred in three patients whose panarthrodesis had been done in one stage. In one case 
the sloughing was very extensive, requiring a pedicle graft from the abdomen, but a suc- 
cessful result was finally obtained. Three patients had fatigue fractures of the lower end of 
the tibia, at the site of the sliding graft. 

In fourteen of the cases, optimal correction of the deformity was attained. Six showed 
partial correction; of this group, three had undercorrection of the varus and two others had 
added varus and adduction of the fore part of the foot. 

The end results of the twenty panarthrodeses were as follows: 


Number Per cent. 
oO. ae Nid, a epatenene 4 13 65 
Fair . ass : 5 25 
Failure 2 10 - 


Kighteen patients were pleased with the result. In both failures, residual varus deform- 
ity was present with painful pseudarthrosis at the ankle joint. One patient complained of 
the equinus position of the foot, but all of the rest were pleased with fusion in equinus. 

Comparison of the one-stage and two-stage procedures suggests that, where there 
is any question of circulatory impairment, the two-stage procedure is safer. Of the four 
instances of wound sloughing, three occurred after the one-stage procedure. Three of the 
five pseudarthroses were also associated with the one-stage procedure; and in all, poor con- 
tact of the resected joint surfaces appeared immediately after operation. It is reasonable 
to assume that it is much more difficult to get accurate apposition of all raw bone surfaces 
in a four-joint arthrodesis than in a triple arthrodesis. 


Wedge Osteotomy (Fig. 16) 

This procedure implies an osteotomy in the foot at the site of greatest deformity, ir- 
respective of bones or joints. This was done in eleven patients with poliomyelitis, six with 
club-foot, three with Friedreich’s ataxia, and one each with spina bifida, idiopathic claw- 
foot, and arthrogryposis multiplex congenita. A review of the deformities revealed that 
some component of varus was present in twenty-one feet, cavus in nineteen, and equinus 
in sixteen. 

The average age of the patients at the time of operation was 15.1 years. The period of 
immobilization in plaster averaged twelve weeks. At re-examination, five feet had some 
degree of pain, three in association with callosities on the plantar surface of the foot. Five 
had varying degrees of fatigue and one patient had instability. 

Six of these patients had optimal correction of their deformity, fourteen had fair cor- 
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rection, and three had poor correction. Of twenty-one patients in whom varus was present 
before operation, thirteen had residual varus of the heel and thirteen had varus or adduc- 
tion of the fore part of the foot. Of nineteen patients with cavus, the condition remained 
incompletely corrected in seven; and of the sixteen showing equinus before operation, six 
were left with some degree of this deformity. The causes of residual deformity were loss of 
position in one case, failure of fusion in five, insufficient bone removed from the proper 
place in fourteen, and muscle imbalance in three. Nine patients had good alignment of the 
foot with the ankle mortise; in six the alignment was fair, and in four it was poor. 
Pseudarthrosis occurred after seven of the twenty-three operations. In four of these, 
there was poor contact of the raw bone surface at the point where the wedge had been re- 
moved. The total average period of immobilization in these seven cases was 10.3 weeks. 
The end results of the twenty-three osteotomies were as follows: 


Number Per cent. 
MIE 5 4.5 bs) ear asda BEA Car lend eel i aR nc croibTe eect aed 10 43.5 
a a oe ET EE ET HE MOTE ee Ate 5 at .7 
FEF TN eer Biter yh | Garay: Wael ymeeeen yet aa 8 34.8 


In the failures, each showed some residual degree of varus; four had poor ankle-foot 
alignment and painful pseudarthrosis. 

The results of wedge osteotomies show a sharp increase in the percentage of failures as 
compared to the entire group of stabilizations. These results emphasize that heel varus 
‘annot be corrected by a mid-tarsal wedge osteotomy, nor can proper ankle-foot alignment 
be obtained by this means. Of these patients, pseudarthrosis developed in 30 per cent. 
This fact, plus the previously mentioned faults of the operation, indicates that the method 
is a poor one and should not be used in place of any of the three-joint procedures. 


Subtalar Arthrodesis (Fig. 17) 


Although the authors considered in this series that a subtalar arthrodesis included 
only the talocaleaneal joint, often the talonavicular or the caleaneocuboid joint was also 
fused, but never both. 

Seven of the patients gave a history of poliomyelitis and three of fracture involving 
the talocaleaneal joint; one had rheumatoid arthritis; three had some type of neurogenic 
foot disorder; and two of the procedures were done in one patient who had bilateral rigid 
flat-foot with some arthritic changes. In six of the cases the operation was done for pain 
without deformity, in four for equinovarus, in three for valgus drop-foot, in one for varus 
drop-foot, and in one each for cavovarus and calcaneovalgus. Surgery was performed when 
the patients were at an average age of 23.1 years, and the patients were seen an average of 
7.7 years after operation. The period of plaster immobilization averaged 10.8 weeks. Two 


TABLE VI 


ReEsuuts or Foor STaBILizATIONs IN Spastic PARALYSIS 





a No. of Average Length — | Evaluation 
ype of Procedure Procedures of Follow-up | 
| (Years) | Good ‘air Failure 
; 
Subtalar arthrodesis 2 6.8 1 1 0 
Brewster countersinking 1 7.5 0 0 1 
Hoke stabilization 15 4.7 10 2 3 
Lambrinudi stabilization 10 4.3 4 4 2 
Triple arthrodesis 10 5.3 4 4 2 
Total 38 4.9 19 11 8 
(78.9%) (21.1%) 
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TABLE VII 


CoRRECTION OF DEFORMITY IN Spastic PARALYSIS 





Per cent. of 














A Deformity Number Correction 
Equinus........ Bie sqrd Weep teas sp ae taves ices va retecater aie ce 19 94.7 

| ae oe Cae ee Ce nk eg eee - 18 

/ Val ....... Dracaena ip ed eigeaia arayslomee meres 16 68.8 
Pere Siete re Nae ee Pee 11 72.7 

Rocker bottom. Lea de teach sedintns 2c Grads ahs ees 8 75.0 

: Calcaneus..... oe PEA A er eran Pa lo nl ay ae 5 100.0 

pseudarthroses occurred at the talonavicular joint and one at the talocalcaneal joint. 

The end results of the sixteen subtalar arthrodeses were as follows: 
Number Per cent. 

! AREER eae oar Bay Pon : eee cons es ‘ 6 37.5 

| Fam. ... SNe y a treat ee seen 5 31.25 

} Failure. . a See conan ere Pee ER Per 5 31.25 

h Of the five failures, two patients had marked undercorrection of their deformity im- 


of deformity due to muscle im- 
balance and insufficient immobili- 
zation. In all three of these pa- 
tients, the principal component 
of the deformity was varus. In the 
. fourth patient, also operated upon 





| mediately after operation and one, operated upon at the age of seven, had a recurrence 


at seven years, pseudarthrosis of 
the talecaleaneal joint developed 
and the caleaneovalgus was con- 
verted into an equinovarus de- 
formity. The fifth patient was a 
: man of fifty, who had fusion of the 
talocaleaneal and caleaneocuboid 
joints following an old fracture of 
the calcaneus. He was improved, Fia. 18-A 
but still had marked pain. Preoperative photographs show Friedreich’s ataxia of left foot. 


ere 





The results in this group 
of cases emphasize the difficulty 
in correcting deformity unless a 
three-joint arthrodesis is done. 
They further point out the value 
of adequate immobilization and of 
delaying the operation until bone 
maturation has advanced satis- 
factorily. If we combine the totals 
of these arthrodeses with those of 
the group with wedge osteotomy, 
we have thirty-nine cases in which 
two-joint arthrodeses have been 
done. Thus the percentage of sat- 
isfactory results is much smaller Fic. 18-B 
than in the total group (Table III). Photographs of successful stabilization of left foot. 
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RESULTS ON THE BASIS OF ETIOLOGY 


In 247 of the 269 primary stabilizations, the operation was performed for poliomye- 
litis, spastic paralysis, Friedreich’s ataxia, congenital club-foot, or painful flat-foot. 


Poliomyelitis 


Panarthrodesis was used exclusively in poliomyelitis; 155 operations were performed 
for this disease (Table IV). The average age of the patients at the onset of paralysis was 
3.2 years. The average time between contraction of the disease and stabilization was 12.4 
years, the shortest interval being 3.5 years. Tendon transplantation, supplementing the 
arthrodesis or done at a later date, seemed of more value than a similar procedure done 
prior to the bone operation. This was notable in the correction of drop-foot and in the 
removal of a deforming muscle to avoid future recurrence of deformity. 


Drop-F out 


The 45.3 per cent. of correction (Table V) includes treatment by panarthrodesis and 
tendon transplantation. No patient in this series had correction of this deformity without 
muscle transplantation or without regaining sufficient muscle tone to dorsiflex the foot 
actively. Fatigue was a complaint in sixteen cases. 


Spastic Paralysis 


The majority of these patients had had soft-part surgery before the stabilization was 
done (Table VI). Varus appeared more easily correctable in the patients with spastic 
paralysis than in those in any of the other four groups (Table VII). The removal of a 
deforming element by section of the posterior tibial tendon, carried out in half of the cases, 
may have been a factor. 





Fia. 19-A 





Fig. 19-B 
Correction of painful flat-foot. 
Fig. 19-A: Before stabilization. Fig. 19-B: After stabilization. 
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TABLE VIII 


19 


REsULts OF Foor STaBILIZATIONS IN FRIEDREICH’S ATAXIA 








Type of Procedure 


Subtalar arthrodesis 
Wedge osteotomy 

Hoke stabilization 
Lambrinudi stabilization 
Triple arthrodesis 


Total 


CORRECTION OF DEFORMITY IN FRIEDREICH’S ATAXIA 


Cavus. . 
Varus... 
Equinus 


Average Length 


| Phased — of Follow-up 
™ (Years) 
1 5.7 
3 5.9 
2 7.3 
4 4 
12 6.5 
22 6.0 


TABLE IX 





Deformity 
21 
21 
20 


Number 


———— = 


Evaluation 


Good 


Fair Failure 
0 0 1 
1 2 0 
1 1 0 
1 2 1 
5 2 5 
8 7 7 

(68.2%) (81.8%) 


Per cent. of 
Correction 


or 


— i 


> Ol 
ont bt 


~ 
~ 
> 


The failures were due equally to pain, pseudarthrosis, and residual deformity. In 
all other groups the principal cause of failure was residual deformity. 


Friedreich's Ataxia 


The average age at the onset of symptoms was 8.5 years. The patients were operated 


Type of Procedure 


Wedge osteotomy 
Hoke stabilization 
Lambrinudi stabilization 
Triple arthrodesis 


Total 


Varus. . 
Cavus. 
Equinus. . . 


TABLE X 


Resutts or Foor STABILIZATIONS IN CLuB-Foor 


Average Length 


No. of a= 
nn of Follow-up 
(Years) 
6 6.4 
5 5.3 
l 6.0 
7 ef 
19 6.4 


TABLE XI 


CorRECTION OF DeEForMITY IN CLUB-Foor 


Deformity 


91 
20 
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Number 


Evaluation 


Good Fair Failure 
3 2 l 
2 3 0 
l 0 0 
4 3 0 
10 8 1 
(94.7%) (5.3%) 


Per cent. of 
Correction 


42 


a 
1S t 
100 
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upon an average of eight years later. Since these patients usually become bedridden as a 
result of paralysis and deformity in the fourth decade of life, and since the authors’ exam- 
ination was carried out at an average age of 22.3 years, we have no indication of the effect 
of the progress of the disease on the foot following arthrodesis. 

The only failures of fusion occurred at the talonavicular joint. Pseudarthrosis ap- 
peared at this joint in seven instances (31 per cent.). Insufficient immobilization and poor 
contact of raw bone surfaces at operation were apparent. In three of the seven cases of 
pseudarthrosis, avascular necrosis of the navicular was an associated finding. These studies 
warrant no conclusion as to the relation of the high incidence of non-union and the loss of 
bone conduction as the disease progresses (Table VIII). 

Equinus and cavus deformities showed a lower percentage of correction than in any 
of the other groups studied (Table IX). Avascular necrosis followed seven of twenty-two 
operations (32 per cent.) and was far more common than in any other group. Friedreich’s 
ataxia per se is not a contra-indication to foot stabilization, although the percentage of 
failures is higher than in other groups (Figs. 18-A and 18-B). 





Fia. 20-A Fia. 20-B 


Fig. 20-A: Pseudarthrosis of talonavicular joint and ankle joint. 
Fig. 20-B: Subtalar and talonavicular pseudarthrosis of left foot. 





Fia, 20-C 
Talonavicular, calcaneocuboid, and probably subtalar pseudarthrosis. 
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TABLE XII 


REsuULTs OF Foot STABILIZATION IN PainFrut FLAt-Foor 








| j 
| | Average Length | Evaluation 
Type of Procedure | Procedures | of Follow-up a ne - 
| | (Years) | Good Fair Failure 
_ — - | — | — 
: 
Subtalar arthrodesis 2 8.3 0 2 0 
Hoke stabilization 5 5.4 5 0 
Triple arthrodesis 6 | 1.5 5 1 0 
| | 
Total 13 4.0 10 3 0 
(100%) 





Congenital Club-Foot (Table X) 

Surgery was performed at an earlier age than in any other group in this series,- 
average of 11.5 years. Each patient had had some type of previous treatment, most often 
stretching, manipulation, and plaster. 

The low percentage of correction of varus deformity (Table XI) can be attributed 
largely to the use of mid-tarsal wedge osteotomy, which cannot correct varus of the hind 





at an 


part of the foot. 


Painful Flat-Foot 

Painful congenital weakness of the feet accounted for seven cases, caleaneonavicular 
coalition for five, and congenital talocalcaneal fusion for one. Pain, rather than paralysis 
or deformity, was the sole indication for operation in these patients. In every instance but 
one, this symptom was completely relieved, and it was significantly improved in the re- 
maining case (Figs. 19-A and 19-B). No procedure was graded as a failure (Table XII). 








Fia. 21 Fig. 22 


Fig. 21: Avascular necrosis of talus. Subsequent ankle fusion was required, 
Fig. 22: Arteriovenous fistula following stabilization. 
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Fig. 23 Fia. 24 


Fig. 23: Rocker-bottom deformity following triple arthrodesis in a severe cerebral-spastic deformity. 
Fig. 24: Loose body in ankle joint. 





Fig. 25 Fia. 26 
Fig. 25: Draining painful callosity. 
Fig. 26: Wide gaping of the ankle joint anteriorly, following foot stabilization. Neither the etiology 
of the condition, the type of stabilization, or any postoperative deformity appeared to be the causative 
factor. The significance, if any, of this asymptomatic finding is as yet undetermined. 


AGE FACTOR AS AN INFLUENCE IN STABILIZATION 

Arthrodesis was done eighty times before the age of twelve. Table XIII shows that, in 
the patients up to the age of nine, 47 per cent. of the stabilizations were failures, while in 
the group from nine to twelve years, only 9 per cent. were failures. The over-all average 
for the total of 269 primary procedures was 17 per cent. of failures. In every failure in both 
younger-age groups, undercorrection of the deformity was found responsible. The principal 
problems in the younger-age groups are the small size of the structures, the difficulty in 
adequately holding them in plaster in the proper position, and inability to determine 
muscle power accurately, as a result of which a deforming influence may persist. 
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TABLE XIII 


AGE Factor IN STABILIZATION 











: Results | No. of Foot-Length 
Age Group - ig | Pseudarthroses | Discrepancy 
Good Fair Failure | | 
8 years and under 5 4 8 | | 
(17 cases) (29%) (24%) (47%) | | 
10 | Minus 
9 to 11 years, inclusive 39 18 6 (12.5%) 11/16 inch 
(63 cases) (62%) (29%) (9%) 
| 
All ages 140 83 46 52 Minus 
(Average 16.1 years) | (52%) (30.9%) (17.1%) (19%) 11/16 inch 


(269 cases) | | 





The foot-length discrepancy averaged the same in the younger group as in the whole 
series, so growth apparently was not interfered with. 


COMPLICATIONS AND SEQUELAE 


Untoward problems secondary to foot stabilization are seldom mentioned in the liter- 
ature. On the whole, the complications have been few and there has been no loss of life or 
limb in the present series. Following the Kocher incision, wounds: did not always heal by 
first intention, but this delay presented no problem. Hemorrhage and infection have both 
been present in the series. One patient required a second operative procedure to control 
bleeding, and another had sufficient infection to demand a secondary procedure for the re- 
moval of bone. Varying degrees of skin sloughing occurred, but in only one instance was a 
flap graft required. This was in a poliomyelitic patient who had had a one-stage panarthrod- 
esis and who probably had impaired circulation at the outset. ; 

Other common complications were injury to the peripheral nerves and pseudarthrosis. 
Of the former, injury to the sural nerve was more frequent, but damage to the branches of 
the superficial peroneal nerve can also be a source of difficulty. These nerves may be in- 
jured or caught by a suture or in scar tissue, resulting in anaesthesia, paraesthesia, neuro- 
mata, and exquisitely tender areas on the foot. In a few patients, exploration of the nerve 
was required for this complaint. Pseudarthrosis, discussed elsewhere, may be accompanied 
by pain and swelling (Figs. 20-A, 20-B, and 20-C). 

Avascular necrosis has been observed at one time or another in each of the cuneiforms, 
the cuboid, talus (Fig. 21), and navicular. It has not always resulted in non-union, how- 
ever. It was more common following operations performed in cases of Friedreich’s ataxia. 
In three patients showing marked chronic oedema of the extremity, which dated from the 
time of surgery (all were examined several years after operation), the condition was con- 
sidered to be the result of chronic phlebitis. In one of these patients, the difficulty has 
subsequently been relieved by lumbar parasympathetic blocks. Fatigue fracture of the tibia 
at the site of the sliding graft occurred in 15 per cent. of the cases of panarthrodesis. Arterio- 
venous fistula (Fig. 22) of the posterior tibial artery occurred in one patient, no doubt as a 
result of operative injury of the vessels, and ligation was required. Two patients com- 
plained of severe calf atrophy and loss of strength in the extremity following operation. 
In one of these patients the extremity had been measured before operation, and his con- 
tention was borne out. Rocker-bottom deformity (Fig. 23) was caused several times when 
forced dorsiflexion was employed to overcome fixed equinus, instead of removing sufficient 
bone. Osteochondritis dissecans with a loose body in the ankle joint was seen a number of 
times (Fig. 24). Painful callosities (Fig. 25) may result in severe discomfort to the patient. 
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Finally, gaping of the ankle joint anteriorly (Fig. 26) has been recognized in numerous 
postoperative roentgenograms. 


REVISION PROCEDURES 


Thirty-six operations were done to correct failures of previous primary stabilizing 
procedures. The etiology of the original deformity appeared to be unrelated to the neces- 
sity for revision. In this group the primary operation was performed at an average of 10.5 
years of age, with the revision at an average of 6.3 years later. 

The indications for revision were as follows: 


PROCUNUNDD GE TUIEEIAY 6. og 5 oon obi eke as oce cee neweuesade 28 
I 5 otic ce oe ocisre cep ak oe Au reieeseaeeaea eae et 18 (8 were painful) 
ee err nee a 
EOE TEE EL PUT oe ee 2 
I II 65.55 avis, 5.3.5 %5. 0's DE MLK. Revlon SE OPO NRCG Oaleoes 1 


Some patients had more than one indication for revision. 

The revision consisted of repair of the pseudarthrosis, removal of adequate bone 
wedges to correct deformities, and soft-tissue procedures as indicated. Postoperative man- 
agement, immobilization, complications, and sequelae were no different than in the pri- 
mary procedures. 

These patients were re-examined on an average of 5.5 years after revision. Nine com- 
plained of some degree of pain, seven of fatigue, and two of instability. Four pseudarthroses 
were found at the talonavicular joint. Correction of the deformity was good in fifteen cases, 
fair in sixteen, and poor in five. Varus and drop-foot were again the deformities most diffi- 
cult to correct. 

Seventeen revisions were rated as good, ten as fair, and nine as failures. The 75 per 
cent. of satisfactory results obtained justify revision after failure of a previous stabilizing 
procedure. 


A STUDY OF THE FAILURES 


In many cases more than one factor was responsible for the failure, but in each in- 
stance the authors have tried to assign the failure to its outstanding cause for the sake of 
clarity (Table XIV). Individual cases have been discussed in detail in the section dealing 
with primary bone procedures. 

In thirty-nine cases the failure was due to residual deformity, and in two-thirds of this 
number the cause was undercorrection of the deformity by the surgeon at the time of oper- 
ation. With two exceptions—mid-tarsal wedge osteotomy and subtalar arthrodesis—the 
type of procedure chosen to abolish the deformity seemed to have no bearing on the end 
result. 

Recurrence of deformity was the result of more than one factor in the majority of in- 
stances. In the present series, these factors were, in order of frequency, failure to immobi- 
lize the foot until bony union was firm, failure to align the foot with the ankle mortise, loss 
of position in plaster or at the time the plaster was changed, poor bone contact with result- 
ant pseudarthrosis, muscle imbalance, and, finally, the operation being carried out at too 
early an age. The case with overcorrection was a result of pseudarthrosis and muscle 
imbalance. 

Pain of a severe nature could be explained in all of the cases of failure. In eight cases it 
was at the site of a pseudarthrosis and in the other two at the site of painful callosities. 
Minor degrees of undercorrection may result in callosities which are so painful that the 
outcome must be rated as a failure. We have no ready explanation as to why some of the 
pseudarthroses were painful while others were not. Of fifty-six failures of fusion in the en- 
tire series, in only ten was there sufficient pain for the procedure to be considered a failure. 
Night of these cases have been included under the heading “pain at site of pseudarthrosis” 
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TABLE XIV 


PRINCIPAL CAUSE OF FAILURE IN Firry-FIVE Patents 








No. of 
Cause of Failure Patients 








Residual Deformity 

ce REIS OPES Poe ee RET nee Pee E RTE toe Se renee eee Bee My 
Insufficient bone removed from proper areas 

Nc a sa Sek ak scoala ak eth rh ce ot Seb dea ths So 4 dosdia. ksbe bis de bisNe Ak RO ES 
Inadequate period of immobilization 
Failure to align foot with ankle joint 
Loss of position in plaster or at change of plaster 
Failure of fusion 
Muscle imbalance 
Operation at too early an age 

RAEI SE ESOS Sale res are ne SRT Se Ee POE ee NTT 
Muscle imbalance (at times secondary to injudicious muscle transplants) 
Pseudarthrosis 
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Pain 

Pe I 5 ogo os Sead aag sends s 

At site of callosities...... BAe et nate 
a ES gs SES Rr 2 ea ce Pega ee green ene aes ere ae ee 
Pseudarthrosis of the Subtalar Joint (accompanied by severe pain in two cases)............ 








in Table XIV, and the other two will be mentioned shortly. Instability was severe enough 
in only two cases for the result to be graded as a failure. 

The authors are so certain that failure of fusion of the subtalar joint will eventually 
result in pain, instability, or recurrence of deformity that they believe pseudarthrosis of 
this joint in itself constitutes a failure. This condition developed in four patients in the 
present series, two of whom complained of severe pain. 

Any attempt to compare the failures resulting from the different types of primary 
bone procedures is difficult and probably of little value. However, if we study the four 
operations which utilize the talonavicular, caleaneocuboid, and talocalcaneal joints as one 
group, we find the percentage of failures to be quite similar (Hoke stabilization 12.5 per 
cent., Brewster countersinking operation 20.0 per cent., Lambrinudi stabilization 14.5 
per cent., and triple arthrodesis 15.7 per cent.). Undercorrection at the time of operation 
was usually the common denominator of this group. If we compare the percentage of failure 
in this group with that from subtalar arthrodesis (31.25 per cent.) and wedge osteotomy 
(34.8 per cent.), some explanation should be sought for the sharp rise of poor results. The 
shortcomings of these two procedures in overcoming deformity have already been men- 
tioned. Neither completely mobilizes the foot so that any desired position can be obtained, 
nor does either of them allow rotation of the calcaneus beneath the talus so that the foot 
can be properly aligned with the ankle. The authors believe panarthrodesis to be the most 
difficult operation, from a technical standpoint, of all the bone operations studied. If it is 
properly done, the foot should be broken into four ‘ pieces”’ instead of three. It is reason- 
able to assume that it is much more difficult to gain and maintain good contact, position, 
and alignment, plus final consolidation, in four joints than it is in three. More dexterity is 
required in resecting the various wedges so that all the raw bone surfaces fit together ac- 
curately; and, even if this can be accomplished, some form of internal fixation may not be 
amiss. The authors believe that this operation is best carried out in two stages. 


CONCLUSIONS 


1. An evaluation of 305 foot stabilizations, based on anatomical and functional end 
results, shows that stabilization was successful in 82 per cent. of the cases. Residual de- 
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formity or pseudarthrosis accounted for fifty-one of fifty-five failures. Over two-thirds of 
the residual deformities resulted from undercorrection at the time of operation. Listed in 
order of frequency, removal of the plaster before solid fusion had occurred, failure to align 
the foot with the ankle joint, pseudarthrosis, and loss of position in plaster or at the 
change of plaster were much more common as the causes of recurrence of deformity than 
muscle imbalance. 

2. The results were more successful when three joints were resected. Mid-tarsal wedge 
osteotomy resulted in the highest percentage of failure and did not correct the foot varus. 

3. Stabilization done on children up to and including eight years of age produced 47 
per cent. of failures. In the group from nine to eleven years, inclusive, the results were as 
good as those in the series as a whole. 

4. Varus and drop-foot were the most frequent deformities that remained under- 
corrected. Stabilization, with the exception of panarthrodesis, cannot be expected to cor- 
rect drop-foot. 

5. Pseudarthrosis occurred in 18 per cent. of the cases. Approximately one-fifth of the 
patients had such severe pain that a rating of failure was mandatory. In the fifty-six 
pseudarthroses, 89 per cent. were at the talonavicular joint. 

6. Three-quarters of the revision procedures produced satisfactory results, indicating 
that repeated intervention was justified. 

7. Measurement of the foot which had been operated upon disclosed that it averaged 
eleven-sixteenths of an inch shorter than the foot which had not been operated upon. The 
same foot-length discrepancy was present in eighty patients who had been operated upon 
before the age of twelve years. 

8. These operations have been employed for many conditions, but by far the most 
common, in order of frequency, were poliomyelitis, spastic paralysis, Friedreich’s ataxia, 
congenital club-foot, and painful flat-foot. 
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PROGRESSIVE MUSCULAR ATROPHY OF THE PERONEAL 
TYPE (CHARCOT-MARIE-TOOTH DISEASE) 


ORTHOPAEDIC MANAGEMENT AND END-RESULT Stupy * 


BY JULIAN E. JACOBS, M.D., CHARLOTTE, NORTH CAROLINA, 
AND COMMANDER CHALMERS R. CARR** 
Medical Corps, United States Navy 


From the Miller Orthopaedic Clinic, Charlotte, and the North Carelina Orthopaedic Hospital, Gastonia 


Ordinarily the outstandingly disabling feature of the peroneal type of progressive 
muscular atrophy is the foot deformity, second to muscle weakness and imbalance. Since 
the independent reports of Charcot and Marie and of Tooth, in 1886, interest in this 
familial disease has centered largely in the genetic and diagnostic aspects, and yet it is to 
reconstructive surgery that those afflicted look for help. 

References in the literature to surgical management are rare and inexact, and most 
writers have covered the phase of ‘‘treatment’”’ with an assertion that the disease is pro- 
gressive and eventually disabling and that treatment thus consists in the application 
of braces and supports. The authors, who disagree with these observations, desire to pre- 
sent evidence that properly designed surgical treatment can correct, prevent, or materially 
reduce disability in the majority of cases. Of the eighty cases reported here, all but five, 
none of them treated surgically, have either been reviewed or the patients have been 
interviewed in the last year. Forty-five cases were treated surgically. Twenty-five of these 
patients have been followed for over five years,—fifteen for ten years or longer. The longest 
period of observation was nineteen years. 


HISTORICAL DATA 


Charect and Marie, in their original paper, described the condition as progressive 
muscular atrophy, beginning in the feet and legs and affecting the hands and forearms 
only after a lapse of several years. Their opinion was based upon the personal observation 
of five patients; in addition, from a review of the literature, they had found a total of seven- 
teen cases, in four different families. In his Cambridge thesis of the same year, Tooth 
described the condition independently on the evidence of five personal observations. 
He emphasized the frequency with which the peroneal muscles are first attacked and 
proposed the title: ‘The Peroneal Type of Progressive Muscular Atrophy”’. Herringham 
projected the genetic aspect in 1888, reporting a study of four generations in one family in 
which only males were affected. 

Since that time numerous writers ® =! % 1. 1s. 19, 23, 25, 26.28, 3° have described one or more 
new features. In 1926, Roussy and Lévy presented what they considered to be a new 
entity in that they found cases of familial claw-foot with absence of tendon jerks. Symonds 
and Shaw reviewed the literature in an effort to show that this entity of Roussy and Lévy 
was in reality a forme fruste of Charcot-Marie-Tooth disease. 

Considerable attention has been focused upon channels of transmission. Allan, work- 
ing on clinical material supplied in part from the case histories used in this report, con- 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 25, 1949. 

— Formerly Resident Fellow, North Carolina Orthopaedic Hospital, under the auspices of the Depart- 
ment of Orthopaedic Surgery, Duke University School of Medicine. 

+ Twenty-three of these cases have been treated at the North Carolina Orthopaedic Hospital in the past 
twenty years, and the authors are indebted to its Chief, Dr. William M. Roberts, for use of this material. 
The remaining cases are taken from the files of the Miller Orthopaedic Clinic. 
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cluded, in 1938, that the disease was due to unit traits conditioned by a single defective 
gene; based upon a wide survey, he showed a triple pattern in inheritance: dominant, 
sex-linked recessive, and simple recessive. Allan concluded that ‘“‘the pattern of inherit- 
ance determines the age of onset and the clinical severity of various morbid unitary 
traits”. If this is true, and it has not been denied, a study of inheritance patterns in each 
case will be of considerable prognostic value. 

Ford, in 1937, had described a similar triple pattern of inheritance, but found only 
one instance—that reported by Herringham—in which the condition was sex-linked re- 
cessive. Crank and Reider reported an additional family in which the trait was sex-linked. 
Schwartz, in 1944, reviewed another case in a family, first reported by Macklin and Bow- 
man in 1926. On the basis of this one family, involving five generations and 101 individuals, 
of whom twenty-one were affected by nerve atrophy, he concluded that the condition was 
not sex-linked and recessive, but was due to a unit character on a fifty-fifty ratio, in which 
half the offspring of the affected individuals would be expected to be affected. 

The authors’ observations tend to confirm Allan’s findings of a triple pattern, pos- 
sessing prognostic value. 

Because of the inevitable progress of this disease to a crippling condition, surgical 
treatment had been neglected until Miller, in 1924, reported four cases treated by stabili- 
zation and tendon transfers. Miller, taking friendly issue with the then current textbook 
of Jones and Lovett, stated: ‘“‘In our experience the feet reach their maximum improve- 
ment, both in appearance and function, by having subastragaloid arthrodeses, foot 
stabilizations, in addition to any necessary plastic tenotomies’’. 


SIGNS AND SYMPTOMS 


The original description of the disease by Charcot and Marie and by Tooth has been 
little improved upon. As the disease advances in the lower extremities there is, in addition 
to atrophy of the peroneal muscles, involvement of the tibialis anterior, the extensor 
digitorum longus, and the gastrocnemius. Because of the pattern of muscle wasting, the 
early foot deformity is usually pes equinovarus with rapidly developing pes cavus. There 
is often clawing of the toes. The upper extremity demonstrates first a loss of power of 
the intrinsic hand muscles and symmetrical atrophy of the forearm muscle groups. The 
characteristic attitude of the hands is one of mild clawing, a “monkey fist’. Symonds and 
Shaw quoted Charcot and Marie as stating that there is relative integrity of the proximal 
groups of muscles and absolute integrity of the trunk, shoulders, and face. Because of this 
distal wasting and proximal integrity, the characteristic ‘‘fat bottle’’ or “inverted cham- 
pagne bottle”’ appearance of the limbs develops. 

The progress is steady after onset, which varies apparently with the type of inherit- 
ance pattern'. In the present series the earliest age at which onset was noted was under 
one year. Symptoms were recorded in twenty-one patients under five years of age, twelve 
males and nine females. In the rest the onset was more insidious and the exact year can- 
not be stated, but in only two patients, one forty and one fifty-seven years of age, were 
the symptoms not evident before the age of twenty. The time elapsing between the first 
symptoms of the affliction and the application for relief varied greatly. As this is influenced 
by many factors, principally economic and educational, it is impossible to draw a worth- 
while conclusion as to the rapidity of crippling after the initial onset. The chief complaint 
is usually difficulty in walking and in obtaining shoes. 

The symmetrical and peripheral distribution of the atrophy at once suggests the diag- 
nosis. In the wasting muscles fibrillar twitching may be present, and in the advanced seg- 
ments there is noticeable absence of muscle contracture. As a rule, gross sensations are nor- 
mal, but in some instances definite areas of hypoaesthesia and loss of vibratory sense have 
been found. Although absolute anaesthesia in small areas has been reported, the picture 
is primarily that of motor paralysis. 
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The question of tendon reflexes has aroused considerable debate through the years ** 2°. 
Charcot and Marie reported that the knee jerks were absent in two cases, present but 
diminished in two, and in the fifth case feebly present in one extremity and absent in the 
other. They stated that the absence of the jerks was observed even before the muscles 
upon which they depend had undergone marked atrophy or noticeable diminution in their 
function. Ankle jerks were not mentioned. In the upper extremities the triceps reflex was 
maintained in three of the cases, absent in one, and ‘‘doubtfully”’ present in the fifth. In 
Tooth’s cases the knee jerks were present in three, variable in one, and altogether absent 
in the other. He did not mention the ankle or upper-extremity reflexes. 

In the present series the earliest observations are not always recorded, but follow-up 
examinations have convinced the authors that, as the motor power in the muscle wanes, 
there will be a loss of tendon reflex, as would be expected. We do not believe this loss is 
quantitative, and it is of little diagnostic or prognostic value. The reaction of degeneration 
is reported to occur rather early, as would be expected in a primary neurogenic atrophy. 


PATHOLOGICAL FINDINGS 


The primary lesion is assumed by Bowden and Gutmann to be a degeneration of the 
anterior horn cells with peripheral degeneration of the motor nerves. However, in contra- 
diction to this statement, the authors have been unable to find positive evidence in the 
literature of histopathological changes in the spinal cord, and they have not had the op- 
portunity to examine necropsy material. In a differential study of the primary and second- 
ary myopathies, with biopsies, Bowden and Gutmann stated: “. . . the nerve trunks are 
empty or contain both normal fibers and empty Schwann tubes. They may, however, 
occasionally contain regenerated nerve fibers. This may indicate that some of the anterior 
horn cells have not undergone irreversible changes but are capable of sending out new 
axons.” The histological examination of a branch of the common peroneal nerve in one of 
the authors’ cases does not show abnormalities. Special stains for axon cylinders (Bodian’s 
technique) and stains for myelin sheaths fail to reveal evidence of pathological changes. 
A rather marked mucinous degeneration of the endoneurium is found. Although this is 
very conspicuous, it is not considered to be of specific significance, since similar changes 
have been frequently observed by the authors in sections of peripheral nerves. 

Bowden and Gutmann found little atrophic change in the muscle fibers, but some in- 
crease in connective and fat tissue, in contradistinction to the almost total disappearance 
of normal muscle pattern in primary myopathies. 

Histological examination in one of the authors’ cases (Figs. 1-A and 1-B) shows that 
the muscle bundles for the most part are intact. There is a mild increase of fat tissue be- 
tween the muscle bundles, but the fibers themselves are not separated by fat tissue. In 
some areas the caliber of muscle fibers varies from three to thirty-five micra. The narrower 
muscle fibers show a great increase of nuclei in the sarcolemma, indicating an attempt 
at regeneration. Actual degenerative changes in the sarcoplasm are not encountered. 

The etiology of the destruction and the mechanism of the selective pattern (centrip- 
etal atrophy) is not clear. 

ROENTGENOGRAPHIC FINDINGS 

Currie noted in a case of Chareot-Marie-Tooth disease (in a patient aged nine) 
definite clinical and roentgenographic evidence of atrophy of the tibia and fibula, the 
lower end of the femur, and, to a lesser extent, of the radius and ulna. The bone atrophy 
corresponded in distribution to the muscular atrophy. 

In ten cases of the present series, no significant bone atrophy was noted by roentgeno- 
gram, nor was the tibia or fibula smaller as compared with these bones in children of the 
same age group. At the time of surgery, the bones certainly appeared as dense as those in 
other feet. 
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Fia. 1-A 


Fic. 1-B 
Low-power (X 275) and high-power (X_ 1000) photomicrographs. There is atrophy of striated 
muscle fibers. Under low-power magnification (Fig. 1-A) one can detect a marked variation in the 
caliber of the fibers, which vary from 3 to 35 micra in diameter. The narrow muscle fibers are 
atrophic, but show a greatly increased number of nuclei in the sarcolemma, evidenee of an attempt 


at regeneration. The high-power magnification (Fig. 1-B) shows more clearly the variation in the 
caliber of muscle fibers and the increased nuclei. 
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HEREDITARY FACTORS 

In his work on inheritance factors, Allan reached conclusions of such value as to be 
worthy of repetition: 

“The afflicted members of the family in which peroneal atrophy is dominant notice 
beginning disability about the age of 30 but are able to plough their fields and pick cotton 
past the age of 70. The atrophy is moderate, or there may be only pes cavus. 

‘““When peroneal atrophy is sex-linked recessive, the boys notice atrophy about the 
middle of the second decade and by the time they are 25 are too disabled for such occupa- 
tions as watchmaking and bookkeeping, are on crutches or are bedridden. 

“When it is a simple recessive trait, peroneal atrophy begins before the age of 8 years, 
and in the second decade its victims become hopeless cripples. 

“The explanation seems to be this: Those in whom the trait is dominant, who are 
all heterozygous in case of these uncommon diseases, receive one defective gene from the 
affected parent and one normal gene from the unaffected parent; such a pair of genes, half 
good and half bad, causes half blindaess or half crippling with late onset. 

“The boys with a sex-linked recessive trait, of course, receive one defective gene 
from their mother, without any corresponding normal gene on the chromosome they receive 
from their father, and the trait is correspondingly more severe, with an earlier onset. 

‘When the trait is simple recessive, each parent supplying a defective gene, there 
is nothing to ameliorate the intensity of the disease, and it is very severe, with an early 
onset. This behavior of the genes explains the relation of hereditary pattern to clinical 
severity and age of onset.” 

In the present series the inheritance, unfortunately, be as not been fully traced, and 
in many of the earlier cases the family histories were meager and furnished inconclusive 
evidence. Of the eighty cases reported, a positive family history was recorded in thirty-six. 
Ten cases were treated in which one or more siblings were involved and are included in 
this series. In all, there were thirty-three females and forty-seven males. Operation was 
performed on twenty-five females and twenty males. In two cases included in the series, 
operation was performed elsewhere. 

At the North Carolina Orthopaedic Hospital Clinic, among approximately 3,000 
negroes examined for orthopaedic conditions in the period covered by this review, no posi- 
tive instance of progressive muscular atrophy of the peroneal type has been seen. No 
reference to such occurrence in negroes has been found in the literature. Mirvish, reporting 
one family from South Africa, failed to mention the race, but one would infer from the 
names that the family was of Dutch descent. 

The authors conclude, at least on the evidence thus far presented, that the colored 
race is exempt from this hereditary affliction. This factor is difficult to evaluate, since 
consanguinity in the negro must be at least as common as in the closely bred Anglo-Saxons 
of Scotch-Irish extraction comprising the subjects in the present series. Even if the negro 
race proves to be free of this condition, the multiplicity of reports from all over the world 
would indicate that no other race is exempt. This knowledge of hereditary factors is useful, 
both as a prognostic aid and as a yardstick of results. 


INVOLVEMENT 


All the patients seen had bilateral pes equinovarus and pes cavus. In those at the 
North Carolina Orthopaedic Hospital, all of whom were children, a contracted triceps 
surae with some equinus was present in nearly every case, but in only three was clawing of 
the digits distressing and in none of these cases have claw-toe procedures per se been 
performed. In contrast, in older groups seen at the Miller Orthopaedic Clinic, surgery for 
the correction of claw-toe has been done in six cases (twelve feet), and in at least ten more 
cases such procedures have been recommended. In this series the hands were involved in 
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thirty-six cases when the patients were first seen. Deformities eventually appeared in 
the hands of all, but not to the same disabling extent as in the feet. 

In these cases no corrective surgery has been carried out for the upper extremities. 
The authors’ observations have been largely confined to the lower extremities, and further 
discussion in this paper will be limited to the lower extremity. 

Muscle evaluation regularly shows a pattern of loss corresponding to the extent of the 
deformity. The peroneal muscles are weak to absent; the anterior tibial muscles are 
usually fair; the posterior tibial muscle and the calf groups are present and good. There 
is general weakness in all foot muscles. Although the clawing factor is difficult to evaluate, 
it seems to originate in weak in- 
trinsic muscles and weakening 
flexors, while the toe extensors re- 
main strong and overactive. In 
one case there was complete foot- 
drop from dorsiflexor insufficiency. 

In only one case was scoliosis 
noted and only one patient is bed- 
fast, at the age of seventy-two. 
One man, aged fifty-nine, is still 
doing all his own farm work. 
Two patients, aged forty-nine and 
thirty-three, who were not oper- 
ated upon, are crippled but not 
bedfast. One patient, aged twenty, 
is crippled as a result of resection 
of all metatarsal heads, performed 
elsewhere. In all the other cases 
followed the patients are ambula- 

Close-up views of feet, before and after stabilization and tendon ae : : ‘ 

transplantation. he most advanced involve- 

ment occurred in two sisters, U.B. 
and E.B. (Figs. 2-A, 2-B, 3-A, 3-B, 3-C, and 3-D), who were operated upon in 1928 at the 
ages of fourteen and sixteen. Genealogy charts showed that these patients represented 
a simple recessive inheritance. The younger sister, E.B., was seen in 1947 (Figs. 3-C and 
3-D). She was then thirty-three years of age and was single. Although the disease had 
advanced, the feet had not become deformed. She was brace-free, and was able to get 
around unassisted and to do light housework. The other sister, aged sixteen at the time 
of her foot-stabilization procedure, has not been seen since she was nineteen. When she 
was thirty-five, her sister and mother stated that she had been married for eight years. 
She had no children. She was stronger than the other sister and did all her own housework. 
According to Allan’s deductions, if the disease is inherited as a simple recessive trait, these 
patients, if left alone, would have been hopeless cripples in the second decade. 

















Fia. 2-A Fia. 2-B 


SURGICAL PROCEDURE 


The authors’ operation has consisted of foot stabilization, preceded by plantar fasci- 
otomy or lengthening of the tendo achillis, as indicated. Section (or transplantation 
forward) of the posterior tibial tendon, either alone or in combination with transplanta- 
tion of the anterior tibial tendon laterally to the central tarsus, should be done. This 
operation has been performed, with slight variations to meet specific indications, on eighty- 
nine feet in forty-five patients. Most of the stabilizations were carricu out on patients 
between the ages of seven and seventeen. Only twelve of the forty-five patients operated 
upon were seventeen years of age or older. In the young children it has been the custom 
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to await suitable bone density. The youngest patient upon whom stabilization was per- 
formed was seven years of age; the oldest, fifty-six years. 

The basic part of the procedure is, we believe, the bone surgery. Miller originally 
brought to this work the ideas of Hoke, and the technique is often referred to as the Hoke 
stabilization, although G. G. Davis deserves priority in publishing the general concept of 
the procedure. 

Briefly, aficr subcutaneous plantar fasciotomy and lengthening of the Achilles 
tendon, the tarsus is opened 
by an incision over the sinus 
tarsi. The sinus is cleared 
of soft tissue and the pos- 
terior subtalar joint is ex- 
posed. From this area the 
superior (talar) and the in- 
ferior (caleaneal) articular 


























Fia. 3-A Fic. 3-B 
Close-up views of feet, before and one year after reconstructive 
surgery. 





Fia. 3-C Fic. 3-D Fic. 3-E 
Fig. 3-C: Photograph of E. B., aged thirty-three, nineteen years after foot surgery. (Note condition 


of the hands.) , : 
Fig. 3-D and Fig. 3-E: Close-up views of feet, sixteen years after operation. 


cartilage is removed. If the foot is in the varus position, slightly more subjacent bone is 
removed on the lateral than on the medial aspect, a shallow wedge being formed with the 
base laterally. The talar head is freed subcapsularly and subperiosteally by means of 
the Hatt spoon, and the head and neck are removed and preserved. When moderate 
equinus is present, the neck may be severed obliquely backward and in the plantar direc- 
tion, in the sagittal plane; when the foot is repositioned, the fore part of the foot will be 
“brought up” to the hind portion, the principle of Lambrinudi being utilized. The exposed 
articulating surface of the navicular is denuded and then the calcaneocuboid joint is 
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Diagrammatic representation of the tendon and soft-tissue procedures used. 


excised; in the varus foot the base of the wedge, although narrow, is to the lateral aspect. 
After this dissection and excision, the soft tissues should be so freely movable as to allow 
reposition of the bones for realignment of the foot. The head of the talus is denuded of 
cartilage and the bone is replaced as necessary to close the gaps. With the foot in the varus 
position, the replacement is usually to the medial side. In the majority of these feet, lower- 
ing of the arch is required, and this can be effected by shortening the neck of the talus. 

In G.P., aged fourteen, a posterior bone-block operation at the ankle was performed 
for severe bilateral foot-drop. This is the only instance in which such a procedure was 
required for this type of paralytic foot; since the posterior tibial tendon has been trans- 
planted forward, there has been no need for a bone block. 

Formerly the authors transplanted the anterior tibial tendon to the mid-tarsus, coun- 
tersinking the tendon by drilling a Steinmann pin (a medium-sized pin with an eye) 
through the tarsus and out through the sole, and fixing the tendon in bone with a “ pull- 
out”’ suture tied over a rolled-up sponge; then the posterior tibial tendon was sectioned. 
Lately, the anterior tibial tendon has been left in place and the posterior tibial tendon has 
been transplanted through the interosseous space either into the cuboid or the middle 
cuneiform, depending upon the strength of the anterior tibial tendon (Fig. 4). 

The necessary tendon transfers having been accomplished, the foot is molded into 
a padded toe-to-groin plaster cast, but weight-bearing is not permitted. At the end of 
three or four weeks the cast is removed and the foot is inspected. If indicated, the 
pliable union is remolded or refined, with the patient under anaesthesia, to improve 
the appearance of the foot, and a walking cast is applied for an additional four to six 
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weeks. In bilateral cases the second foot is usually operated upon at the time the first 
foot is molded, rather than subjecting the patient to double foot surgery at one 


operation. 


EVALUATION OF END RESULTS 


In evaluating the end results after operation, twenty-one cases have been classified 
as excellent, twelve as good, and twelve as poor. The latter group includes those whose 
results might be considered ‘‘fair”’, for whom additional treatment may be provided. 


Satisfactory Results 

In the group classified as ‘‘ex- 
cellent”, the feet have maintained 
their function and appearance, and 
the patients are ambulatory and 
brace-free. 

Such a case is illustrated in 
Figures 5-A and 5-B. This boy, 
P.C., was eight and one-half years 
of age when he was operated upon 
in 1931. Although he walks with 
a rather stiff gait and has consid- 
erable muscle weakness, he is now 
able to ride a bicycle daily and 
to earn his living as a grocer’s 
deliveryman. 

Another case classified as ‘‘ex- 
cellent”? presented a milder type 
of involvement, mainly cavus which 
had progressed gradually for about 
four years. This patient was oper- 
ated upon at the age of sixteen. 
Eleven years afterward her lower 


extremities had less than the usual 























Fia. 5-A 


P. C., aged eight and one-half years, before operation. 
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Fic. 5-B 


Views of patient’s feet, sixteen years later. 
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endurance, but she was able to care for her home and two children. Neither of the children 
shows evidence of the affliction. 

In another such case, J.O. was operated upon in 1946, at the age of seventeen. He 
was followed for only two years. His first-year and second-year results can be classified as 
excellent, as far as the feet are concerned. He is a farm boy and has had to give up more 
and more of the heavier work. He does not wear a brace. 

H.O., a sister of J.O., was followed for three years after surgery on her foot. The 
result is only “good”. Clawing of the toes is troublesome, but she is able to work daily 
as a typist. 

In the cases classified as good the patients are ambulatory, but the feet, although 
maintaining a weight-bearing position, are not prepossessing in appearance. Clawing of 
the toes has developed in most cases, and pads and bars must be used. In such a case, 
a man of twenty-six years, the patient was interviewed in 1947, ten years after operation. 
In spite of their poor appearance, the feet had good function. He earned his living as a 
taxi driver, but was unable to stand for a prolonged time or to walk a long distance. 

In seven of the twelve good results the anterior tibial tendon was not transferred to 
the central tarsus; all of the patients have claw-toe. The relative and continued overac- 
tion of the toe extensors acting as dorsiflexors may be suspected as the mechanism of the 
clawing. Even in the cases classified as poor, some benefit has resulted. None of the patients 
wear braces. Only one who has undergore surgery is a complete cripple. That patient, not 
included in the forty-five, had resection of the metatarsal heads performed elsewhere. 

A tendency to recurrence of the varus was found in six cases in which, for one reason 
or another (usually the operator’s judgment), the deforming influence of the posterior 
tibial tendon was not removed. In Case 23, a fifteen-year-old boy, the anterior tibial tendon 
was not transplanted centrally on the left foot, but this was done on the right foot. In one 
year varus deformity had appeared on the left and secondary transfer of the anterior tibial 
tendon was accomplished. By August 1948, one year after this last transplantation, there 
had been considerable improvement, but the transplant on the left was not functioning so 
strongly as the two-year-old transplant on the right. Toe “‘cock-up”’ or clawing was still 
in evidence. The feet maintained their position. 

The posterior tibial tendon has not been transferred anteriorly in any of the younger 
patients at the North Carolina Orthopaedic Hospital, as in only one (G.P., Case 16) was 
the foot-drop a factor. This is the patient, mentioned previously, who had a posterior 
bone block inserted. 

In three cases (five feet) in the older group, the posterior tibial tendon has been 
transplanted forward, with the principle of always using a functioning motor. These cases 
seem to have had the best results so far. 


Unsatisfactory Results 


In twelve cases (twenty-three feet) the results were poor. One patient, mentioned 
previously, whose posterior tibial tendon was not sectioned or transferred primarily, was 
improved by having this transplant in one foot and now desires it in the second foot. 
One patient had anterior tarsal wedges and plantar fasciotomies with recurrence. Another 
underwent heel-cord lengthenings and plantar fasciotomies at eleven years of age and had 
bilateral stabilization at twenty-three; the result is only fair. In another case the dorsal 
tarsal wedges were combined with heel-cord lengthenings and there has been moderate 
recurrence. 

At the age of twenty-two, Case 42 had bilateral heel-cord lengthening, plantar 
fasciotomy, and triple arthrodesis. She had no tendon transfers and the condition is 
recurring. In another case the result was fairly good for thirteen years with only triple 
arthrodesis and fasciotomy, but now, when the patient is twenty-six, tendon repair is 
needed. 
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E.H., an eight-year-old girl at the time of her operation, had the complete operative 
procedure on the left, but only triple arthrodesis on the right. She is now sixteen, has had 
a recurrence in the right foot, and is to be readmitted for correction of this deformity. 

Case 54, a mill worker, aged twenty-three, had had foot surgery performed at the age 
of twelve. The operation included sectioning of the posterior tibial tendon. His feet func- 
tion poorly. This case illustrates the authors’ present procedure of transferring this tendon 
forward to preserve its usefulness. 

In Case 16, mentioned previously, the patient had stabilization and posterior tibial 
section plus bilateral posterior bone block, ten years ago. The foot-drop and varus on the 
left recurred. This was noted as early as one year after the operation, and in this instance 
may be attributed to mechanical failure of the left arthroereisis. The patient is a housewife 
and, in spite of her disability, she carries on her duties and does light work on the farm. 

Case 22, a boy, now eleven years of age, had stabilization operations only at the 
age of seven. The deformity is recurring sharply; the patient wears metatarsal bars and 
heel wedges and needs further reconstructive surgery. One must balance the foot with 
both bone and tendon repair or recurrences are inevitable. 


SUMMARY 
Of eighty cases of hereditary peroneal palsy which have been studied, forty-five 
patients have undergone surgery for the correction or amelioration of the crippling foot 
deformity. On the basis of adequate follow-up observations, the surgical procedures out- 
lined have been shown to improve the crippling condition. In spite of progressive muscle 
wasting, the rehabilitation can be maintained for many years. 
In twenty-three feet, the operation gave less than satisfactory results. Sixty-six feet 
in which adequate surgery was performed have stood the test of time in an encouraging 
manner. 


Norte: Appreciation is expressed to Paul Kimmelsteil, M.D., for ‘his assistance in the pathological 
study, and to O. L. Miller, M.D., for valuable suggestions. 
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DISCUSSION 

Dr. H. R. McCarro it, Sr. Louis, Missourt: I have heard these two excellent papers for the first time, 
and have had no opportunity to study them previously. 

Dr. Patterson has made an excellent presentation, based on sound principles and sound treatment. 
There are, however, two minor points of difference in surgical technique and postoperative care which might 
be mentioned, One is the type of approach which is used for the stabilization. There is no reason to use a 
wide, sweeping incision that completely encircles the lateral malleolus. An adequate triple arthrodesis can be 
varried out through a relatively small incision, placed directly over the sinus tarsi. This decreases considerably 
the amount of postoperative difficulty. 

Second, skin sloughing after triple arthrodesis or after panastragalar fusion can be diminished or avoided 
if the plaster cast is split postoperatively, in order to permit swelling and to avoid pressure necrosis of the 
overlying skin edges. 


> 


Dr. Patterson has done arthrodeses in twenty-two cases of Friedreich’s ataxia. We have never done a 
stabilization in Friedreich’s ataxia, and I would consider it contra-indigated. By removing the twenty-two 
arthrodeses in Friedreich’s ataxia from his series, his percentage of good results is increased considerably. 
In the recurrent deformities, he made little or no mention of correction of muscle imbalance. A few years ago, 
we reported a series of 1,100 consecutive stabilizations for poliomyelitis, in which the highest percentage of 
recurrent deformity resulted from uncorrected muscle imbalance. Any paper dealing with stabilization of 
the foot is, in my opinion, incomplete unless that point is brought out. 

The paper presented by Dr. Jacobs is also sound, but there are again a few points of difference that 
should be brought out. First, the stabilization, regardless of whose name is attached to it, is a modification 
of the triple arthrodesis, unless it is a subtalar or panastragalar fusion. In a Charcot-Marie-Tooth type of 
muscular dystrophy, we have weakness of the peroneal group of muscles and, at times, of all the dorsiflexors 
of the foot. Since we are dealing with a primary equinovarus deformity of the foot, we should, by all means, 
perform a Lambrinudi type of stabilization rather than a simple arthrodesis, as shown here. 

Another important point is the selection of the proper time for corrective surgery in the Charcot-Marie- 
Tooth type of muscular dystrophy. If the process is progressive, stabilization should not be done. This, of 
all the progressive muscular atrophies, however, is notorious for reaching a stationary point. The individual 
should be watched, therefore, until a stationary point has been reached,—that is, until there has been no 
evidence of clinical progress in the muscle involvement for at least two years. Then the stabilization can be 

(Continued on page 47) 
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FRACTURES OF THE LATERAL TIBIAL CONDYLE 


BY CHARLES H. BRADFORD, M.D., RICHARD M. KILFOYLE, M.D., JOHN J. KELLEHER, M.D., 
AND H. KELVIN MAGILL, M.D., BOSTON, MASSACHUSETTS 


From the Sixth Surgical Service, Boston City Hospital, Boston 


Fractures of the tibial condyles were brought into prominence in 1929 by the papers 
of Cotton and Berg, in Boston, and Cubbins, Conley, and Seiffert, in Chicago, one calling 
them ‘‘fender fractures” and the other “bumper fractures’’, because, as Cotton and Berg 
expressed it, they were so often caused by “‘the automobile in contact with the jay-walking 
citizen’’. Sever had already reported three fractures of the tibial condyle in 1916, and 
had discussed them again in 1922. Since then, a number of articles have been written 
and there is sufficient unanimity to establish the general principles governing the injury. 
The present paper is intended to review these general principles and to add a ‘‘therapeutic 
classification ’’. 

The basic mechanism for all fractures of the lateral tibial condyle is an impaction of 
the condyle of the femur against the plateau of the tibia, as a hammer strikes an anvil. 
Many authors have pointed out that three main variations can be differentiated. In a series 
of forty cases, the authors have classified these three general types. Type I, the ‘crush 
fracture”’, consists of all degrees of compression of the lateral tibial condyle with mild or 
extreme depression of the plateau. In Type II, or the “split fracture”, the condyle, instead 
of being crushed, is split off with little, if any, depression. In Type III, or “shatter frac- 
tures’’, the force of the trauma extends obliquely toward the center of the knee and 
downward, to break away the support of the shaft or of the medial condyle at the neck of 


” 


the tibia. 
PATHOLOGY AND TREATMENT 
Type I. Crush Fractures ; 

The characteristic feature of this group of fractures (Fig. 1) is that the blow of the 
femoral condyle transmits its force directly downward on the tibia, thereby crushing the 
cancellous bone beneath the plateau. If the fibula remains intact, as usually happens, 
it will lend support to the plateau, which may be only slightly depressed; or again, as 
Barr suggests, the impacting force may create a bursting effect within the metaphysis 
which will fragment the trabeculations without greatly depressing them. If the fibula 
gives way, the entire lateral segment may slide downward en m sse, causing a major 
displacement. If the blow of the femoral condyle strikes the rim of the plateau, the depres- 
sion may be marginal; but frequently it tends to strike more medially, causing a severe 
central depression with comminution and impaction of articular cartilage. Thus, there 
may be marginal impaction, central impaction, displacement en masse, or any stage 
between. 

In the splendid study of 125 cases, made over a six-year period by Cubbins, Conley, 
Callahan, and Scuderi, four variations of crush fractures were carefully described as 
Types 2, 3, 4, and 5. The essential problem of treatment in all of these cases is similar, 
to elevate the plateau to a position as near normal as possible, and to maintain support 
long enough for solid healing of the crushed bone. No rule can be laid down for open or 
closed reduction, since the decision depends wholly upon the degree of displacement. 
Cotton’s warning, based on the experience of years, deserves a hearing: ‘I am entirely 
against open reduction, and although I have done it often, I shall probably never do it 
again. Better reductions with more prompt healing and better final results can be obtained 
without open operation.”’ 

The success of closed reduction has been summarized by Bick, who studied a series of 
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sixty-one fractures. On the other hand, early surgical interference has been recommended 
for a large number of these cases by Cubbins and his associates!!, Leadbetter and Hand, 
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TABLE I 
Type I — Crusu Fractures 
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Meniscus 


Treatment 
Tear 


Motion 


70-180 


Non-operative No signs 

Non-operative No signs 70-176 

Non-operative No signs Normal 

Operation Probable 60-165 
refused 

Operation Probable 80-165 
refused 

Non-operative No signs 65-180 


Non-operative 
Non-operative 
Non-operative 


No signs 
No signs 
No signs 





Non-operative No signs 65-180 
Non-operative No signs Normal 
Patient aged Probable 50-168 
82; operation ‘ 
not advised | 
Non-operative | No signs 58-180 


Non-operative No signs 


Non-operative No signs | 70-180 


Non-operative 58-180 
Non-operative 
Non-operative 
Non-operative 


No signs 
No signs 
No signs 
No signs 


85-176 








Non-operative No signs 60-180 
Non-operative | No signs 60-180 
Non-operative No signs 55-180 
Non-operative No signs | 80-180 
Non-operative No signs | 75-180 
Non-operative No signs | Normal 
Non-operative No signs | Normal 
Non-operative No signs 72-180 
Non-operative | No signs | 80-180 
} | 
Non-operative | No signs | 75-180 
! | 





* The degree of pain is estimated as follows: 


Trace: 
Slight: 


Moderate: Moderate pain with normal exercises, 


Severe: 


Good: 


Fair: 
Poor: 


Mild pain after long or heavy exercise. 


(Degrees) Deformity 


0 
0 
0 
ixtension 
block 
Extension 
block 
0 


7 degrees 
of valgus 
0 
Extension 
block 


0 
6 degrees 
of valgus 
0 
0 


4 degrees 
of valgus 


eoooceoeceo 


6 degrees 
of valgus 
0 


Findings at Follow-Up 


Pain* Activityt 
Trace Good 

0 Excellent 

0 Excellent 
Slight Fair 
Moderate Poor 
Trace Excellent 


Patient failed to return; discharged with brace 
Patient failed to return; discharged with brace 
Patient failed to return; discharged with brace} 


Did not return to follow-up clinic 


Did not return to follow-up clinic 


Did not return to follow-up clinic 


Trace Good 

0 Excellent 
Slight Fair 

0 Excellent 
Slight Good 
Slight Good 
Slight Good 
Slight Good 
Trace Excellent 

0 excellent 
Trace excellent 
Slight Good 

0 Excellent 

0 Excellent 
Moderate Poor 
Slight Good 
Trace Excellent 





Length 
of 
Follow-Up 


(Months) 


12 
18 
18 
18 


16 


12 
1% 
2 
1 

12 


12 
12 





Slight pain in the course of normal activity, becoming severe after long or heavy exercice. 


straining exercise. 


A disabling degree of pain except in very light exercise. 
t The degree of activity is estimated as follows: 
Excellent: Full resumption of normal activity, including usual knee-straining exercise. 


Ability to resume normal activity, but with definite limitation after prolonged knee-straining 
exercise. 


Ability to resume light tasks, but limited in work involving any knee strain. 
Inability to resume light tasks without difficulty. 


enough to cause a limp and to prevent steady knee- 
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Palmer, and others. Barr found that 50 per cent. of his cases had minimal displacement, 
not requiring surgery; 23 per cent. had slight to moderate displacement, where non-oper- 
ative results seemed to be as good as those following operation; and 27 per cent. had 
moderate to marked displacement of fractures (over one-half inch of depression), requir- 
ing open reduction. 

From this discussion, the points to emphasize are that the results of surgery are apt to 
be disappointing, and that, as stated by Bick, conservative treatment will give satisfac- 
tory results “‘even when considerable irregularity of the condylar tables persists”. Me- 
Bride, in discussing Barr’s paper ?, remarked: “‘I have been surprised at the good func- 
tional result in several cases in which the reduction was very unsatisfactory from the 
x-ray standpoint’’. Maisel and Cornell have provided a satisfactory explanation for this 
discrepancy, and their point is significant. In reoperations upon patients previously 
treated for condylar fractures, they found: 
“The tibial articular surface was covered with 
a smooth, gray, shiny layer of fibrocartilage”’. 
This growth of fibrocartilage had restored 





Fia. 1 Fic. 2-A Fia. 2-B 


Diagrams of two types of crush fractures. Conservative treatment with a cast and brace. 


the plateau to nearly its normal level, although by roentgenogram the bone defect would 
naturally appear as serious as ever. 

The principles of conservative treatment, followed by the authors, have been worked 
out in detail. First a manipulative reduction is done under anaesthesia. There is a sim- 
ilarity in the mechanism of this reduction and that of a compression fracture of the ver- 
tebra, where, as in the knee, spongy bone has been crushed, and where hyperextension 
of the compressed part restores its normal contours by the pull on the anterior ligament. 
The knee is drawr. forcibly into varus and held with a well-applied cast, which must ex- 
tend from the groin to the foot. Theoretically, the tibial collateral ligament will help to 
draw the depressed fragments back into place, but the results of this manoeuvre will 
sometimes be disappointing when judged by roentgenogram. Nevertheless, the clinical 
result is apt to be satisfactory if three points are observed: (1) The knee must be forced 
into enough varus to protect the lateral plateau from compression; (2) this position must 
be maintained for approximately four months; and (3) non-weight-bearing motion must 
be started early to avoid stiffness of the knee. 

The authors’ practice has been to split the cast as soon as primary repair has taken 
place,—that is, in ten days to two weeks. Moderate flexion movements are then started 
actively, but not passively. The exercises are repeated twice a day, the amount of motion 
being increased as fast as the patient can tolerate it. The limb is replaced in the cast after 
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TABLE II 


Type II — Spurr Fractures 














| | Findings at Follow-Up Length 
Case ilies | Meniscus |— : a of 
No. Tear | Motion Follow-Up 
| (Degrees) Deformity Pain Activity (Months) 
5 Non-operative No signs 78-180 4,degrees Slight Good 12 
| ‘of valgus 
6 Non-operative | No signs | Normal 0 Slight Good 18 
11 Operative | Lateral 50-180 0 Slight Good 18 
meniscus 
torn | 
26 Non-operative No signs | Normal 0 a) Excellent 12 

















exercise. Scudder has illustrated Cotton’s suggestion that the patient lie on the unaffected 
side when doing the leg exercises, so that the weight of the foot and leg would produce 
varus at the knee. By the third or fourth week, the patient can usually regain a good range 
of motion without discomfort. Thereafter, he can be transferred from his bivalved plaster 
vast to a high-thigh, double-upright brace, equipped with straps to maintain varus sup- 
port. Dobelle commented that no brace can maintain the bow-legged position perma- 
nently; but the authors find that, with a strap pulling outward at the knee and with an 
inward pull on the lower portion of the tibia, sufficient ‘varus support”? can be main- 
tained to relieve the lateral plateau from recompression (Fig. 2-B). The similarity to 
vertebral fractures is again strongly evident, for, as Béhler emphasized, vertebral frac- 
tures can be completely protected from recompression while the patients are doing active 
exercises in hyperextension casts. 

The patient should wear his brace both night and day until the end of the twelfth 
week; but it should be removed at least twice a day for increasing periods of guarded knee- 
bending exercises. The most important elements in the exercise program are, of course, the 
patient’s own cooperation and persistence. These are qualities which no surgeon can be- 
stow, but every encouragement should be given. Lipscomb ! has stated the point well: 
oP it behooves all of us who treat diseases and injuries of the knee to cajole, pamper, 
force or otherwise bring about the patients’ co-operation’’. 

The brace should be retained for all weight-bearing activity until solid bony healing 
has occurred. Some authors feel, as Bick does, that a brace may be discarded in six or 
seven weeks; but in the authors’ experience, braces must be retained for at least three or 
four months unless the fracture is minimal. The trabeculations of spongy bone neces- 
sarily remain weak for months after the compression fracture, and it seems unreasonable 
to expect that this bone could support unguarded weight-bearing in less than four 
months. 

In a certain number of crush fractures the damage is so extensive that operative 
treatment may be necessary; but the degree of crushing which demands open surgery is 
very much in debate. Cubbins and his associates ' were among the earliest enthusiastic 
advocates of operation and stated: ‘we are certain that fully 40 per cent. [of all cases] 
could be markedly improved with an open operation. . . .”” From personal experience, 
the authors feel that the percentage is less, although indications for open reduction must 
be recognized in cases of severe compression. For the surgical approach, the authors pre- 
fer Cave’s method, which he describes as“. . . a bayonet incision, beginning just posterior 
to the lateral femoral epicondyle about 3 inches above the joint line and curving forward 
at the joint line, and down along the lateral portion of the tibial crest for 4 inches’’. After 
exposure of the fracture, the depressed plateau is elevated and supported in place by a 
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bone graft or a piece of bank bone. Palmer advises using spongy os purum, and he calls 
the repair a ‘‘reposition”’ and “plugging”. Emphasis should be placed on the importance 
of the postoperative follow-up, along the same lines as that recommended for the non- 
operative cases. Without this convalescent care, good surgery will often be wasted. 

Another indication for open surgery in crush fractures lies in displacement or tearing 
of the lateral meniscus. Some surge ns feel that routine exploration of the meniscus should 
be carried out. The authors disagree with such a policy, because they have found the per- 
centage of tears of the lateral meniscus to be very small. This conservative attitude is sup- 
ported by sound judgment, as well as clinical experience. 

Cotton protested against routine removal, since the meniscus helps to deepen the 
articulation for the femoral condyle; Clarke commented: “it seems particularly unde- 
sirable to remove the meniscus. . . .”” The authors believe that clinical symptoms give 
sufficient evidence of a displaced cartilage, and 
that no exploration should be carried out unless 
positive indications are present. 

In the present series of twenty-nine Type I 
fractures, clinical signs of cartilage injury de- 
veloped in only three cases. These patients showed 
loss of over 10 degrees of full extension, and one 
of them complained of a painful clicking sensation. 
None of these patients could be operated upon, 
however. One was an alcoholic who failed to re- 
turn; one was a busy housewife who had no serious 
pain, despite her loss of extension, and refused op- 
eration; and one was a lady of eighty-two years, 
whose clinical result was so satisfactory that the Fic. 3-B 
authors did not urge operation. This experience Two types of split fractures. 
illustrates the point stated by Barr, who felt that, 
even though the meniscus may usually be torn enough to be partially. displaced, 
“ . . it rarely, if ever, produces symptoms due to locking”’. 





TABLE III 


Type II] — Swarrer FRAcTuRES 








Findings at Follow-Up Length 
Case wr Meniscus |- of 
No. Tear Motion | Follow-Up 
} (Degrees) Deformity Pain Activity | (Months) 
2 Operative Lateral 78-180 4 degrees Moderate Good 18 
meniscus of valgus 
torn 
10 Non-operative No signs | 55-180 0 Moderate Fair 12 
21 Operative Both | 65-180 0 Slight Good 14 
menisci | 
torn 
22 Non-operative | Nosigns | 55-180 0 Slight Good 12 
27 Operative | Lateral | 75-173 0 Moderate Poor 12 
meniscus 
torn 
33 Non-operative | No signs 80-180 0 Moderate Fair 16 
40 Operative | Lateral Sepsis developed at operation and wound is still 8 
| meniscus draining. 
| torn | 
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Type II. Split Fractures 
This type of fracture is derived from the same basic mechanism as Type I; but its 


character is wholly different, since it consists of a lateral displacement rather than downward ! 





crushing. A vertical line of separation will often appear, as clean-cut as if an ax had splita } 


piece of kindling wood (Fig. 3-A). The problem here is merely to replace and hold the lateral 
fragment. Where displacement is slight, conservative treatment will undoubtedly serve. 
For reduction of the moderately severe fractures various methods have been sug- 
gested, including use of the Forrester clamp or 
of Caldwell’s ‘‘nut-cracker” lever. Metz and his 
co-workers used long pressure tongs. In the au- 





Fia. 4-A Fic. 4-B Fia. 5-A Fig. 5-B 
Showing mild and severe types of shatter Illustrating treatment by open reduction. 
fractures. 


thors’ experience, reduction has been relatively easy to accomplish, even with manual ma- 4 


nipulation; but as soon as the compressing force has been released, the fragments spring 
apart again. To prevent this, Buckner introduced double wires with buttons on the ends, 
which he tightened with a special apparatus. The authors believe that, where the displace- 
ment is gross, a considerable advantage can be gained by open reduction and screw fixa- 
tion. Ahern and Lipscomb, at the Mayo Clinic, recommended a Johansson lag screw, and 
other surgeons favor bolts; but the method of fixation is optional, as long as the fragment 
is held firmly in place. Frequently, a simple carpenter’s screw will be adequate. 

At the time of operation, it is important to explore the lateral meniscus, since there 
is a tendency for it to be displaced into the cleft. At operation in one of the authors’ cases, 
the major portion of the meniscus was found to be deeply embedded between the frag- 


‘ 


) 
' 


ments. This will be explained by recalling that the anterior and posterior attachments of | 


the meniscus are fixed to the central! portion of the tibial plateau, together with a posterior 
attachment which is carried upward, to be inserted into the medial condyle of the femur 
(ligament of Wrisberg). The lateral attachment of the meniscus is not inserted into bone, 
but to the inner surface of the joint capsule. Thus, when the fragment of tibial bone 
springs out laterally, the meniscus is tightened like a bow-string and dragged into the 
cleft of the fracture. Operative removal then becomes necessary, in order to reduce the 
fracture. Again, the importance of follow-up care of the type already outlined must be 
stressed. The final success of surgical treatment will depend upon early, guarded motion, 
and upon prolonged protection with a brace. 


Type III. Shatter Fractures 


These fractures are of the same type as those called “‘ bursting” and ‘“spreading’”’ by 
other authors. The neck of the tibia is shattered and both the medial and lateral condyles 
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are split off (Figs. 4-A and 4-B). Sometimes the fracture line extends so far downward 
into the metaphysis that the medial cortex of the tibia is broken. Evidently the impacting 
force in these fractures is greater than that producing fractures of Type I, and probably 
the femoral condyle is aimed a little more obliquely in the medial direction. Obviously 
this injury leaves no solid support to receive the weight transmitted by the femur on either 
tibial plateau. Where marked displacement has occurred, there is a high probability of 
damage to the lateral meniscus. In one of the authors’ cases, even the medial meniscus was 
completely displaced, due to the wide medial displacement of the medial tibial condyle. 

As in the other categories, no arbitrary rule can be made to distinguish between oper- 
ative and non-operative cases. Attention must be given to Cave’s emphatic statement 
regarding these fractures: ‘‘Open reduction is contraindicated.’’ Even the best operation 
will not in itself greatly shorten the convalescence, and, furthermore, the operative pro- 
cedure is so extensive that it involves more than the ordinary risk of infection. The lit- 
erature is remarkably free from any mention of this hazard; but, even with antibiotics 
and chemotherapy, the risk remains grave. The authors, therefore, practise conservative 
treatment wherever there is a reasonable expectation of success. In shatter fractures with 
linear displacement, the limb should be placed in a cast and the patient should be followed 
on a program similar to that indicated for fractures of Type I. Of course, varus support 
will not be needed, inasmuch as the whole stability of the knee is gone, and not just that 
of the lateral condyle. Braces should be used to support the knee in neutral position; 
weight-bearing, even in the brace, should be prohibited until very late. In the more severe 
shatter fractures which are too comminuted for the bone to hold fixation screws or bolts, 
the authors have used Patterson’s adaptation of the suspension-traction method suggested 
by Caldwell. This includes an upper-thigh cast and a Thomas splint, with hinged knee 
action through Pearson attachments. After four to six weeks, this apparatus may be dis- 
varded in favor of a brace and crutches, but the patient should be urged to carry out bent- 
knee exercises frequently throughout the day. Convalescence will take seven months or 
more in severe cases. 

If the displacement is gross, with fragments large enough to permit some form of 
internal fixation, the advantages of open reduction probably outweigh the risks of surgery. 
Simple bone screws in the tibial cortex, with a bolt through the condyles, may afford suf- 
ficient fixation. In the really unstable tibial shafts, however, the authors have found it 
convenient to employ a Townsend and Gilfillan plate which can be screwed to the tibial 
shaft and can extend upward to receive a bolt transfixing the upper condylar fragments, 
thus fastening all the fracture surfaces into a unified mechanism of internal fixation (Fig. 
5-B). The authors’ approach has been through a bayonet-shaped incision, beginning 
lateral to the lower portion of the patella and extending vertically downward to the level 
of the plateau, then curving sharply across the front of the tibia just below the tubercle 
and extending down the medial side of the crest of the tibia for four inches. Retraction of 
the skin flaps allows very wide exposure through this approach, and adequate exposure is 
essential to the procedure. 

The knee joint must be thoroughly explored; this can be done by opening the capsule 
both laterally and medially to the patellar tendon. Cubbins, Conley, Callahan, and Scu- 
deri warned: ‘‘Small fragments of bone and cartilage are often encountered in the joint 
fluid, and we have expressed several from out of the suprapatellar pouch”’. If the meniscus 
is torn, it should be removed; and, if there is a large crush defect in the plateau, an iliac 
graft may be used to fill the cavity. The anatomical results of this operation are apt to 
be very satisfactory; but the clinical end result will be uncertain for four to six months 
after operation. 

The authors have used this type of operation in four patients, but it is still too early 
to evaluate the long-range results. In two cases the results have been very successful, 
although one patient’s convalescence was so slow as to be discouraging at first. A third 
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case was more disappointing, due to the development of a pressure sore over the line of 





incision. This required skin-grafting, which further delayed rehabilitation exercises. There 
now promises to be a fair end result, the knee having a range of motion of 75 to 173 de. 
grees (Case 27). In the fourth patient (Case 40) massive infection developed and the result 
is, therefore, a failure. 

Throughout the postoperative stage, everything depends upon strengthening the leg 
muscles to support the knee, and consequently the patient’s self-rehabilitation is very 
important. It has been suggested that patients of the non-cooperative type should be | 
treated by fusion operation at the start. This seems like admitting failure too early, and 
the authors feel strongly that fusion ought to be reserved as a last resort in the very worst 
cases. 


L 





RESULTS OF FOLLOW-UP STUDY 


Tables I, II, and III present the follow-up results seen after careful study.* Although | 
the statistical charts speak for themselves, a few points deserve mention: 5 

1. Type I fractures occur more than twice as often as the other two types com- 
bined,—the latter being about equally divided. 

2. Although not tabulated, it might be mentioned that 57 per cent. of all fractures 
were caused by falls, either down stairs or other falls; 33 per cent. were produced by auto- 
mobile bumpers or other external blows against the knee; and 10 per cent. resulted from 
unknown causes. 

3. Comparison of the three types of fractures shows the value of this classification | 
from the standpoint of operative indications, pathological interpretation, and prognostic { 
outlook. The eventual outcome is much worse in Type III than in the other two types;a 
greater amount of surgery is required and there is a far greater proportion of torn and 
displaced menisci. 

4. The authors do not consider their conservative attitude toward Type I fractures | 
to be conclusive, and recognize that it disagrees with the reports of Cubbins and his t 
associates, based on wider experience. Nevertheless, in this series very little indication / 
was found for open reduction of crush fractures. Conservative treatment must be carried | 
out under constant and careful supervision, with emphasis on prolonged protection com- 
bined with early and active motion. The results of this method, as seen, are good. 


*The authors are indebted to their former chief, Otto J. Hermann, M.D., who served as imps artial | 
observer in helping to evaluate a series of these cases after twelve months. 


) 
REFERENCES i 

1. Anern, G. S., and Liescoms, P. R.: Fracture of the Tibial Plateau: Report of Case. Proc. Staff Meet., 
Mayo Clin., 23: 288-290, 1948. h 

2. Barr, J. S.: The Treatment of Fracture of the External Tibial Condyle (Bumper Fracture). J. Am. Med. 
Assn., 115: 1683-1687, 1940. } 


3. Bick, E. M.: Fractures of the Tibial Condyles. J. Bone and Joint Surg., 39: 102-108, Jan. 1941. 

4. Bér or, Lorenz: Treatment of Fractures, Fourth English Ed., p. 129. (Translated by FE. W. Hey 
Groves.) Baltimore, William Wood and Co., 1935. 

5. Buckner, H. T.: Bumper Fractures of the Tibia. Northwest. Med., 37: 102-105, 1938. 

6. CALDWELL, E. H.: Fractures of the Condyles of the Tibia. Surg., Gynec., and Obstet., 63: 518-522, , 
1936. 

7. Cave, E. F.: Fractures of the Tibial Condyles Involving the Knee Joint. Surg., Gynec., and Obstet, 
86: 289-294, 1948. 

8. Cuarkg, H. O.: Discussion on Fracture of the Tibia Involving the Knee-Joint. Proc. Royal Soc. Med., ' 
28: 1035-1043, 1935. 

9. Corron, F. J.: Fender Fractures. Surg., Gynec., and Obstet., 62: 442-443, 1936. 

10. Corton, F. J., and Bera, Ricnarp: “Fender Fracture” of the Tibia at the Knee. New England J. Med, 
201: 989-995, 1929. 

11. Cupsins, W. R.; Contey, A. H.; CaLuanan, J. J.; and Scupert, C. S.: Fractures of the Lateral Con- | 
dyle of the Tibia. Classification, Pathology, and Treatment. Surg., Gynec., and Obstet., 59: 461-468, 
1934. ' 


THE JOURNAL OF BONE AND JOINT SURGERY 





~ 


12. 


v 
1 
I 
7 
I 
5 
N 
§ 
N 
7 
F 
J 
F 
s 
s 
1 
= 
s 


carrit 
of mt 
Laml 
Why 
lengt! 
indiv 


] 
pape! 
] 
land ; 
ask o 
Those 
today 
alway 
for fu 
good 
] 
the te 
by Di 
the di 
poste: 
neiths 
I 
Hoke 
navic 
J 
in goi 
tion h 
fat pe 
one of 


be ob 


VOL. ; 











—o = 
ae 


a 


ws 


FRACTURES OF THE LATERAL TIBIAL CONDYLE 47 


12. Cussins, W. R.; Contry, A. H.; and Serrert, G. S.: Fractures of the Lateral Tuberosity of the Tibia 
with Displacements of the Lateral Meniscus between the Fragments. Surg., Gynec., and Obstet., 48: 
106-108, 1929. 

13. DopeLLE, Martin: A New Method of Closed Reduction of Fracture of the Lateral Condyle of the 
Tibia. Am. J. Surg., 53: 460-462, 1941. 

14. LeapBetTer, G. W., and Hann, F. M.: Fractures of the Tibial Plateau. J. Bone and Joint Surg., 22: 
559-568, July 1940. 

15. MaIsEL, BERNARD, and CorNELL, N. W.: Conservative Treatment of Fractures of the Tibial Condyles. 
Surgery, 23: 591-598, 1948. 

16. Merz, A. R.; HouseEHOLDER, RaymMonp; and DePres, J. F.: Impaction of Fractures by Large Pressure 
Tongs. Am. J. Surg., 59: 447-449, 1943. 

17. Patmer, Ivar: Compression Fractures of the Lateral Tibial Condyle and Their Treatment. J. Bone and 
Joint Surg., 21: 674-680, July 1939. 

18. Parrerson, R. E.: Personal communication. 

19. ScuppEr, C. L.: The Treatment of Fractures, Ed. 11, p. 973. Philadelphia, W. B. Saunders Co., 1939. 

20. Sever, J. W.: Fracture of Tuberosities of the Tibia. A Report of Three Cases. Am. J. Orthop. Surg., 
14: 299-302, May 1916. 

21. Sever, J. W.: Fractures of the Tibial Spine Combined with Fractures of the Tuberosities of the Tibia. 
Surg., Gynec., and Obstet., 35: 558-564, 1922. 


DISCUSSION 
PROGRESSIVE MuscuULAR ATROPHY OF THE PERONEAL TYPE 
(Continued from page 38) 


carried out. It should always be followed by muscle transplantation in an attempt to re-establish a balance 
of muscle power on the two sides of the foot. The balance of muscle power is important, although if we do a 
Lambrinudi type of stabilization, its importance is diminished. 

Tenotomy of the heel cord, which was mentioned as a subcutaneous tenotomy, is a dangerous procedure. 
Why take a chance of destroying the little bit of muscle power left in this foot? By all means, do an open 
lengthening of the heel cord and preserve the calf group, because these are the muscles through which this 
individual will be able to retain what little function he has. 


Dr. Wiiu1AM M. Roserts, Gastonia, NortH Carona: It has been my pleasure to read both of these 
papers, and I appreciate the great effort that these authors have made. 

In Dr. Jacob’s paper the term “Lambrinudi” interested me, because Neal Garber came back from Eng- 
land and he was describing this “ Lambrinudi” operation, which we call a Hoke stabilization. I would like to 
ask our Nomenclature Committee, if possible, to get some one standard term applied to triple arthrodesis. 
Those of us who were exposed to the teachings of Dr. Hoke cling to the name Hoke stabilization, and yet few 
today perform a typical Hoke stabilization; all of us fuse the caleaneocuboid joint, I am sure. This joint is 
always included in the stabilization operation at our institution; we feel it is one of the most important joints 
for fusion. A review of Dr. Patterson’s paper will bear out that, unless this joint is included in the fusion, the 
good results will be fewer. 

Like Dr. McCarroll, I want to make a plea for the short stabilization approach. All of us who came under 
the teachings of Hoke carry out stabilization of the foot through a much shorter incision than that advocated 
by Dr. Patterson. Our incision usually starts just lateral to the head of the talus and extends posteriorly in 
the direction of the mid-point of the caleaneus. We visualize the extensor tendons anteriorly and the peroneals 
posteriorly. We do not open the peroneal sheath unless we are going to use the peroneal for a transplant, and 
neither do we cut the fibulocalcaneal ligament. I believe this incision gives a perfectly good exposure. 

I would like to mention one instrument used in stabilization,—namely, the Hatt spoon. Among Dr. 
Hoke’s original instruments was a spoon that he used to sweep around between the head of the talus and the 
navicular, and this was improved by Dr. Hatt. 

Another point in technique that I would like to mention, particularly to the younger group, is the care 
in going through the sinus tarsi, particularly in dissecting the sinus tarsi pad in a valgus foot. When stabiliza- 
tion has been completed, a valgus foot will be taut on the lateral aspect, and if the surgeon goes through the 
fat pad and the sinus tarsi and sweeps it out, it will be very difficult to suture the skin edges. I think this is 
one of the most common reasons why this particular incision breaks down. I still feel that ample exposure can 
be obtained through this relatively short incision, 
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ARTHRODESIS OF THE HIP JOINT 


A FoLLow-up Stupy * 


BY FRANK E. STINCHFIELD, M.D., AND WILLIAM U. CAVALLARU, M.D., NEW YORK, N. Y. 


This follow-up study presents a report of 117 patients (fifty males and sixty-seven 
females) upon whom hip-joint arthrodesis was performed for conditions other than tuber- 
culosis, at the New York Orthopaedic Dispensary and Hospital, during the period from 
1935 to 1946, inclusive. Each case was analyzed carefully as to symptoms, physical find- 
ings, type of surgery, and progress. To complete the study, the patients were called in 
recently for an interview and examination; check roentgenograms were taken when indi- 
‘ated. No patient who could not be located for follow-up examination at the end of one 
year has been included in the evaluation. If solid fusion was not obtained at the end of 
twenty-four months, the case is considered a failure, even though ultimate fusion may 
have developed. The follow-up period ranged from two to thirteen years, with an average 
of seven years. 

The operative procedures included the trochanteric graft (Hibbs’ type of fusion), the 
iliac graft, the Watson-Jones type, intra-articular fusion (with or without straight nails), 
and combinations and variations of these methods. All patients in whom solid bony arth- 
rodesis developed were free of hip pain. The average positions of arthrodesis were flexion 
of 35 degrees, abduction of 10 degrees, and external rotation of 15 degrees. Arthrodesis 
with about 30 degrees of flexion seemed to give the patients the most comfort. Greater 
flexion improved the ability to sit, but made walking more difficult; the reverse was true 
when arthrodesis was done in a position of less flexion. 

Postoperative treatment consisted of the following regimen, the periods of time listed 
being the average in each instance: rest in bed in a spica for fourteen weeks, ambulation 
in a spica for eleven weeks, and walking with crutches for three weeks; walking without 
support was permitted in twenty-eight weeks. If a revision of the arthrodesis was required, 
the method usually consisted of insertion of a Smith-Petersen nail, if no internal fixation 
had been used, and packing the area with bone chips. 

For discussion purposes, the cases are divided into groups according to diagnosis, and 
include (1) poliomyelitis with dislocation, (2) congenital dislocation, (3) suppurative 
arthritis, and (4) osteo-arthritis. The etiology in the last group included coxa plana, 
fracture of the femoral neck, slipped femoral epiphysis, traumatic dislocation, multiple 

joints with osteo-arthritis, central dislocation, osteochrondritis dissecans, and Charcot’s 
joint. 

The purpose of this paper is not to evaluate arthrodesis as a method of treatment, 
but rather to present an objective analysis of a group of cases in which it was used. The 
findings obtained in the various etiological groups are submitted: 


Poliomyelitis with Dislocation 


Nine patients required hip-joint arthrodesis because of poliomyelitis; two were males 
and seven were females. The primary indication for surgery was instability rather than 
pain, although pain was severe in three cases. All of the patients lived a sedentary exist- 
ence; seven required crutches at all times, and two used crutches when outside the house. 
All had severe paralysis of at least one lower extremity and all had had acute poliomyelitis 
in infancy, the average age at onset being 1.5 years. Pain and dislocation did not occur 
until about two years prior to arthrodesis; this was done at an average age of 22.5 years, 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 26, 1949. 
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the extremes being thirteen and thirty-one years. Restriction of activity in this group was 
severe, none of the patients being able to walk more than four blocks. 

Evaluation of the hip per se was difficult in this group because of the degree of paraly- 
sis, which frequently necessitated other operative procedures involving the lower ex- 
tremity. None of the patients had had previous hip surgery. Most of them were markedly 
improved after operation and led moderately active lives, seven of the nine discarding 
crutches entirely. 


Congenital Dislocation 

Twenty patients were operated upon for congenital dislocation of the hip. Because 
of a wide variation in ages, this group was analyzed in two sections,—those under twenty- 
one and those over thirty-five. No cases occurred between these ages, and an average 
would not give a true picture. 

There were eleven patients in the younger age group, two males and nine females; 
91 per cent. had had previous hip surgery, including four open reductions, two closed 
reductions, and five shelf stabilizations. Two patients had had two procedures. The chief 
complaints at the time of arthrodesis were limp, pain, fatigue, and deformity in ten in- 
stances, and stiffness in malposition in one. Following successful arthrodesis, the patients 
in this group were satisfied with their ability to complete their daily physical requirements. 
The average age at the time of arthrodesis was 15.5 years; the youngest patient was ten 
years old. 

Nine patients with congenital dislocations, one male and eight females, had arth- 
rodesis after the age of thirty-five, the oldest being forty-nine. Five had bilateral disloca- 
tion, and all had pain and deformity as the presenting symptoms. Five had had previous 
hip surgery: Two had closed reductions, one had a Lorenz osteotomy at the age of forty- 
seven, and two had soft-tissue operations. Better results were obtained in the younger 
group than in those who had arthrodesis after the age of thirty-five. 


Suppurative Arthritis 

In this group there were nineteen patients, nine males and ten females. The age at 
onset of the acute disease ranged from one month to twenty-six years, the average being 
six years. Pain and restriction of activity were the chief complaints. One-third of the group 
had had previous surgery, including one open and one closed reduction, two shelf stabiliza- 
tions, and two reconstructions. Following arthrodesis, the patients in this group were able 
to participate in competitive athletics. The average age at the time of operation was six- 
teen years; the youngest was three and the oldest, thirty-one. 


Osteo-Arthritis 

Sixty-nine patients (thirty-three males and thirty-six females) were operated upon 
for osteo-arthritis of the hip. Pain was the presenting symptom in sixty-one instances, 
with an average duration of six years. Eight patients had bilateral involvement. The 
average age at the time of arthrodesis was forty-five, ranging from fifteen to seventy 
years. 

In this group, seven patients had solid union at the end of one year; but they have 
been lost to follow-up and so are not included in the evaluation. Four, ranging in age from 
fifty-one to sixty years, died of pulmonary embolism or coronary occlusion between the 
first and third weeks. Of the remaining fifty-eight patients, solid bony union occurred in 
forty-three. In ten instances, union was delayed,—at the femur in three cases, and at the 
ilium or across the joint in seven. However, in all, progress to solid union took place in 
less than a year. Where arthrodesis was successful, complaints referable to the hip were 
absent and activities depended upon the general physical condition, arthritis of other 
joints, age, and the physical requirements of the patient. 
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Chart I 
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Chart II 
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Chart Ill 
Pre-operative Hip Pain 
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ANALYSIS OF CHARTS AND DISCUSSION 


Chart I shows the severity of the limp in each category, before and after operation. 
In each group the limp was less severe after operation. 

In osteo-arthritis before arthrodesis, the greatest number of patients had a moderate 
limp, with very low percentages of severe and mild limp. Postoperatively the greatest 
number had a mild limp, although a significant number of patients continued to have a 
moderate limp. The position of abduction with equal limb lengths caused severe limp, 
because this produced an effective lengthening on the arthrodesed side which could not be 
compensated for by the normal side. 

The majority of patients with suppurative arthritis had a severe limp before arthrod- 
esis, although a significant number are found in the moderate column. Postoperatively 
there is an equal division between moderate and mild limp. Patients who had a severe 
limp before operation are, for the most part, found in the moderate classification after 
operation. 

In the other conditions the trend is similar. In poliomyelitis, 88 per cent. had severe 
limp before operation; while after operation 22 per cent. had a severe limp, 56 per cent. 
had a moderate limp, and 22 per cent. had a mild limp. A severe limp was present in pa- 
tients who had shortening in excess of two and one-half inches, upon whom arthrodesis 
had been performed in neutral position or slight abduction. Attempts to equalize the limb 
lengths by shoe lifts failed to eliminate the limp, because of the relative increase in abduc- 
tion of the arthrodesed extremity, for which no compensation could be made. 

The maximum ability of patients to walk, before and after arthrodesis, is shown in 
Chart II. Here the trend toward longer distances is demonstrated. Before operation, 
sustained walking was limited to one-half mile in almost all cases, and many of the pa- 
tients were invalids. Following arthrodesis, the great majority were able to walk longer 
distances. Invalids were present only in the group with osteo-arthritis due to involvement 
of other joints. Except in rare instances, the distance a patient walked before arthrodesis 
was limited by hip-joint pain. Postoperatively, limitation was due to back pain, pain in 
other joints, or general debility of the older patients. It was noted that patients who were 
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able to walk one mile without resting were able to complete their daily physical require- 
ments without difficulty. Patients with all types of occupation were represented, including 
office worker, housewife, student, printer, laborer, janitor, bartender, laboratory tech- 
nician, porter, telephone-switchboard operator, and dishwasher. 

Agility and the ability to run depended to a large extent upon the age of the patient. 
Children were able to run with the greatest facility; adults were usually loathe to attempt 
this degree of exertion, but generally were able to run short distances. 

Patients in the younger age groups participated in athletics, such as baseball, football, 
softball, tennis, skating, swimming, and basketball. One patient ran a mile in six and one- 
half minutes; one was inducted into the Army and served in Hawaii. Many between 
twenty-five and fifty years of age engaged in swimming and golf, one was an active scout 
leader, and several others enjoyed hiking as a diversion. 

Stair-climbing was awkward, but was done effectively in most cases. The position of 
abduction caused most of the difficulty, and those best able to climb stairs ‘‘one over one”’ 
had had arthrodesis in 35 to 45 degrees of flexion. Stair-climbing one step at a time was 
more satisfactory. 

Even among those who were more athletically inclined or who enjoyed hiking, walking 
downhill caused an increase in the severity of the limp and a slowing of pace. High chairs 
and stools were almost universally preferred to low, soft chairs for sitting. 

The severity of preoperative hip pain among the various groups is compared in 
Chart III. The reason for arthrodesis in most cases of osteo-arthritis, suppurative arthritis, 
and congenital dislocation of the hip was the degree of pain. In patients with little or no 
pain, marked deformity was the main factor necessitating arthrodesis. In patients with 
poliomyelitis, pain was less severe, so that instability and the desire to be free of braces or 
crutches were the chief considerations. 

The over-all pseudarthrosis rate was 23 per cent. (Chart IV). In the osteo-arthritis 
group, fifteen patients (22 per cent.) failed to attain solid arthrodesis on the first attempt. 

Chart IV 
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Three of these were not followed up; of the remaining twelve, five had eventual fusion 
after repair of the pseudarthrosis. In one of the failures there was no evidence of union 
after four years; but, without further surgery, solid bony fusion developed by the eighth 
postoperative year. 

Six patients (31 per cent.) of those with suppurative arthritis failed to obtain arth- 
rodesis, although fusion resulted after a secondary procedure in three of them. 

In patients over thirty-five years of age with congenital dislocation of the hip, 33 per 
cent. of the operations failed. One was a Brittain type of arthrodesis in which there was 
non-union at the osteotomy site after two years. Another was a case of gross infection; this 
patient has subsequently been treated elsewhere with ischiofemoral transplants, without 
success. The third case was an intra-articular fusion with a three-flanged nail; this resulted 
in reduced motion, slight pain, but no bony fusion. 

There were two failures (18 per cent.) among the patients with congenital dislocation 
of the hip, treated before the age of twenty-one. In one of these, fusion followed repair 
of the pseudarthrosis; in the other, repair was done and fusion was thought to be solid 
at the end of one year. However, this patient was not seen at the Clinic again until 1948, 
which was twelve years after the arthrodesis. He now has 50 degrees of free motion and 
no x-ray evidence of fusion, but he is not incapacitated and wishes no further surgery. 

The failure of fusion in the patient suffering from poliomyelitis was successfully 
treated by repair with a Smith-Petersen nail and bone chips. 

Chart V shows the failures resulting from arthrodesis in the various age groups. The 
group from thirty to forty-nine contained a significantly higher percentage of failure than 
the younger or the older groups. 

The various types of arthrodesis—Hibbs’ method, intra-articular fusion with the 
Smith-Petersen nail, iliac grafts, and intra-articular fusion without internal fixation—all 
show about the same percentage of failures (Chart VI). The best results were obtained in 
patients treated by intra-articular fusion accompanied by a Smith-Petersen nail and bone 
graft, or by intra-articular fusion plus carpenter-type Vitallium nails, inserted from three 
different directions to stabilize in several planes of motion. The poorest results followed 
an attempt to arthrodese the hip joint by the use of a long three-flanged nail without the 
joint cartilage being removed. In all cases fusion failed, although the pain was decreased 
appreciably. An insufficient number of the other types of arthrodeses were performed 
to be of statistical value. 
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Chart VI 
Type of Arthrodesis Compared to Number of Failures 
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Of the twenty-seven failures in this series, ten patients did not have surgical repair. 
Four of these, who had non-union at the end of two years, progressed to solid union with 
weight-bearing between two and three years. In four other cases, the patients were 





Chart VII 
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Chart VIII 
Knee Pain Ipsilateral with Arthrodesis 
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relatively asymptomatic, not incapacitated, and had pain only with prolonged standing 
or excessive walking. Two were invalids, but refused surgery. 

In seventeen of the twenty-seven failures, repair was carried out. Nine of these 
revisions failed and eight were successful. In four of the nine failures, the patients were 
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relatively asymptomatic and were only slightly incapacitated. Two were moderately 
handicapped by pain, but used no support. One uses crutches, but refused surgery ; another 
leads a sedentary existence; and one is an invalid. 

In the seventy-seven cases in which some type of bone graft was used (Chart VII), 
the pseudarthrosis rate was 22 per cent. Nine of the failures occurred between the graft 
and the femur, four between the graft and the ilium. There were two instances of fracture 
of the graft and one of absorption of the graft, associated with infection; one failure oc- 
curred at the osteotomy site in the Brittain arthrodesis. 

Chart VIII shows the postoperative knee pain present after removal of the plaster 
and completion of reconditioning. Of the patients in whom solid hip fusion developed, 9 
per cent. of those in both the osteo-arthritis group and those with congenital dislocation 
under twenty-one years of age complained of knee pain and instability. In the poliomyelitis 
group, 22 per cent. had the same complaints. 
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Chart LX shows the presence of preoperative and postoperative back pain. In 31 per 
cent. of all fusions, the patients had some degree of backache, either after prolonged sitting 
in low chairs or associated with exertion. This usually subsided with rest. Several patients 
complained of back pain when lying in bed, unless a pillow was placed under the knee 
on the involved side. 

Two patients over thirty-five with congenital dislocation of the hip complained of 
back pain before operation, but not afterward. In these instances the hip was fused in 
less than the average amount of flexion. 

In 6 per cent. of the patients with osteo-arthritis, changes in the lumbar spine were 
noted in the roentgenograms before operation, but no complaints could be elicited. These 
patients had back pain after operation. 

In eight patients, osteotomies were performed because of unsatisfactory position fol- 
lowing fusion. In five of these union was satisfactory; non-union developed in one; two 
showed delayed union after one and one-half years, but had union at the end of two years. 

There were seven postoperative infections, or an infection rate of 6 per cent. In three, 
the infection caused no significant delay in fusion. In two, union did not develop until 
two years after sequestration of the graft; two cases were complete failures. Of the cases 
where the outcome was altered by infection, two patients had osteo-arthritis; one, in the 
group over thirty-five years of age, had congenital dislocation; and one had had suppura- 
tive arthritis. 

Four patients fell and sustained subtrochanteric fractures following solid hip fusion, 
and one had a fracture of the lower third of the femur. All of these fractures healed and 
the end results were satisfactory. 


SUMMARY AND OBSERVATIONS 

1. An analysis was made of 117 patients in whom hip-joint arthrodesis was performed 
in one Clinic. 

2. The pseudarthrosis rate for the entire group was 23 per cent. and the mortality 
rate was 3.4 per cent. All deaths occurred in the osteo-arthritis group. 

3. The rate of infection was 6 per cent. 

4. Not all pseudarthroses are incapacitating. Of the fifteen cases in this series in 
which pseudarthroses ultimately developed, eight patients were relatively asymptomatic. 

5. Back pain was present in all age groups following arthrodesis. 

6. The gait was deliberate and acceptable in patients with neutral abduction- 
adduction without shortening. 

7. The most normal gait resulted in patients with very slight adduction and no 
shortening. 

8. The poorest gait was in patients with equal limb lengths and abduction; this 
created a relative lengthening of the fused side, not compensated for by the opposite 
extremity. 

9. It appeared that the most certain method of producing arthrodesis was (a) intra- 
articular fusion, plus a bone graft, plus a nail of the Smith-Petersen type for internal 
fixation; or (b) intra-articular fusion plus the insertion of three Vitallium nails. 

10. The first attempt to repair pseudarthroses of the hip resulted in 50 per cent. of 
failures. 

11. It has definitely been demonstrated that bony fusion may occur after two years 
without further surgery. 

12. The patients in this study were decidedly benefited by hip arthrodesis. 


DISCUSSION 


Dr. M. N. Smrru-Perersen, Bosron, Massacuuserts: Dr. Stinchfield has presented an honest, un- 
prejudiced analysis of the results of other surgeons. It is my function not only to congratulate him, but also 
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to clarify, criticize, and disagree with some of his conclusions. He has stated that the mortality rate was 3.4 
per cent., the operative infections 6 per cent., and the pseudarthrosis rate 23 per cent. These are all high 
figures, but many of these operations were performed by the house staff; and we must also keep in mind that 
this study goes back to 1935, when the operative technique was not what it is today. 

Seventeen of the twenty-seven pseudarthroses were revised; nine of these failed, eight were successful, 
1 cannot resist the temptation to point out the difference in the attitude of the surgeon toward failure of 
arthrodesis and toward failure of mold arthroplasty. If an arthrodesis fails, it is due to some error in technique 
or to some unfavorable condition on the part of the patient, so the operation is revised. If a mold arthroplasty 
fails to produce a symptom-free hip, then the mold is to blame, so it must come out and an arthrodesis or an 
osteotomy must be performed. It would be very instructive if failures of mold arthroplasty were analyzed, 
the same as failures of arthrodesis, as to the cause of the failure, and if the arthroplasty were revised accord- 
ingly, rather than blaming the failure on the mold, discarding it, and then performing some other operative 
procedure. 

The conclusion was drawn that, in congenital dislocation of the hip, arthrodesis was more successful 
before the age of twenty-one than after the age of thirty-five. The reason for this was not made clear in the 
paper, because the authors failed to point out that in the younger age group there were no bilateral disloca- 
tions; all eleven cases were unilateral. In the older age group, however, five of the nine cases were bilateral. 
Arthrodesis in bilateral congenital dislocation of the hip, or in any bilateral condition, is rarely, if ever, indi- 
cated. This, then, is the probable explanation for the high percentage of failures in the older age group. 

Thirty-one per cent. of all patients having fusion complained of backache. This is a surprisingly low 
figure. A stiff hip must be compensated for by excessive function on the part of the spine, and such abnormal 
wear and tear sooner or later produce back symptoms. 


Dr. Rupowps S. Retcu, CLEVELAND, Ouro: In discussing this excellent paper of Dr. Stinchfield and Dr. 
Cavallaro, little need be said about the 77 per cent. of patients who obtained solid bony union following hip- 
joint arthrodesis. The very fact that many of these patients participated in active athletic exercises after hip 
arthrodesis is adequate proof of good results. 

As to the 23 per cent. of failures, it seems to me that this ratio is consistent with some series of cases that 
have previously been reported. As we all know, the method of obtaining bony fusion by means of internal 
fixation with the Smith-Petersen nail, or other types of nails or pins, without hip-joint arthrodesis or bone- 
grafting, has been popular recently. Our experience has been similar to Dr. Stinchfield’s,—namely, that 
internal fixation alone is inadequate, but it is of great help when combined with hip fusion, either alone or in 
conjunction with a bone graft. I should like to ask the essayists their conclusions as a result of their use of 
trochanteric and iliac grafts in iliofemoral fusion,—I assume they call this the Hibbs fusion. We obtained 
more failures with the trochanteric graft than with the iliac graft, and we have abandoned the trochanteric 
graft. Of course, I am discussing the type of case in which that graft was done, and not the interarticular 
fusion. 

The problem that has been perplexing us has been the recurrence of deformities in children following 
hip fusion. These patients have had adequate immobilization for approximately six months, were protected 
from weight-bearing thereafter, and have seemingly achieved good bony union, both clinically and roent- 
genographically. Still flexion-abduction deformities develop, and osteotomies have been required, as in eight 
cases of the authors’ series. I should like to hear their opinion as to the cause. Is it the result of failure in 
obtaining solid bony fusion, which is more apt to occur in adults, or is it the result of continued bone growth 
around the solidly fused hip joint in a child? 

This is a comprehensive report of a large series, and should be of great aid to us in evaluating the methods 
of hip fusion. 


Dr. StincuFiEvp (closing): This study was started three years ago, at which time it was felt that it 
might be wise to study all the arthroplasties and all the arthrodeses performed during the same period of 
time for identically the same pathological conditions, operated upon by the same surgeons, in the same in- 
stitution. In June 1948 an end-result study of the arthroplasties of the hip was presented at the meeting of 
the American Medical Association in Chicago, The end-result study of arthrodesis of the hip is now pre- 
sented. A third paper, comparing the two methods, will be forthcoming. 

The same percentage of pseudarthroses occurred with the trochanteric graft as with the iliac graft. In 
all cases where a trochanteric graft was used, an intra-articular fusion was also done. This series did not 
include arthrodesis of the hip for tuberculosis. 

In this series of hip arthrodeses, five individuals were under the age of fifteen. Flexion deformity occurs 
more frequently in children. Our only explanation for this would be: (1) When a child is put in plaster, the 
atrophy of the extensors is more extensive than that of the flexors, which would tend to produce a flexion 
deformity. (2) The epiphyseal plate in a child is not closed, which gives a greater tendency for the limb to 
go into flexion than in an adult. (3) Children are much more apt to try to sit up and move around after they 
are put in plaster than are adults, which again predisposes to the flexion position. 


1. Srincurietp, F. E., and Carrouu, R. E.: Vitallium-Cup Arthroplasty of the Hip Joint. An End- 
Result Study, J, Bone and Joint Surg., 31-A: 628-638, July 1949. 
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FRACTURES OF THE CALCANEUS 


BY GEORGE E. WILSON, F.A.C.S., F.R.C.S., TORONTO, ONTARIO, CANADA 


The calcaneus is clinically the most important bone of the foot, not only because of 
the frequency of its fracture, but also because of the severity of the resulting disability. 
This bone articulates with the cuboid anteriorly and the talus above. Inasmuch as the 
talocaleaneal articulation is subject to weight-bearing, it is the one to which attention will 
be chiefly directed, since disturbances in the relations of this joint are the cause of most of 
the disability in fractures of the calcaneus. 

The superior aspect of the caleaneus may be considered as having three surfaces, an 
anterior horizontal surface, a middle oblique surface, and a large posterior surface, again 
horizontal but placed on a higher level (Fig. 1). Most of the anterior surface is non-articu- 
lar, but a small area posterior to the anteromedial angle supports the anterior facet. 
Immediately behind this a strong shelf of bone, the sustentaculum tali, projects medially; 
triangular in outline, it is strongest and widest posteriorly and supports the middle facet. 
Together, these facets form a narrow concave oval, directed forward and somewhat lat- 
erally; frequently they are joined. The middle and anterior surfaces are separated from 
each other by a deep gutter, the sinus tarsi, into which is inserted the powerful interosseous 
talocaleaneal ligament. This surface is wholly occupied by the posterior facet, a wide oval 
with the long axis running downward and forward at an angle of approximately 45 degrees. 
It is convex in the anteroposterior direction and, about halfway down, the lateral half 
bends downward considerably more than the medial half. Since the outline of this facet 
is of great importance from the roentgenographic standpoint, we have considered this 
facet as having a lateral and a medial half. The posterior surface is non-articular; its junc- 
tion with the middle surface marks the highest portion of the bone and is named the 
posterior peak. For purposes of description, we have named a line joining the antero- 
superior with the posterosuperior angle of the bone the cezling line. 

The calcaneus is peculiar in that knowledge of the anatomy of the bone does not help 
greatly in interpreting the appearance of the roentgenograms; and, since a study of the 
films is the chief means of determining the changes in structure resulting from the fracture, 
it is of considerable importance to be able to interpret what one sees. 

In order to familiarize himself with the significance of the various markings on the 
films, the author made a study of roentgenograms in conjunction with the normal dried 
bone, first placing identifying wires on the various points of interest. Lateral and plantar 
exposures were then made of the bone. In the former, the plate was placed on the lateral 
aspect of the bone, while in the latter it was placed vertically against the back of the bone 
and the rays were directed from the plantar surface, the ankle being at a right angle. In 
the lateral views marked differences were found in the appearance of the films with vary- 
ing degrees of eversion and inversion of the foot. In full eversion (Fig. 1) the calcaneus 
resembles a Dutch sabot; anterior and posterior horizontal lines, representing the anterior 
and posterior surfaces, are joined by a convex oblique line, running downward and an- 
teriorly at an angle of about 45 degrees. This oblique line corresponds to the lateral half 
of the posterior facet, the medial half being obscured by overlying bone. In this view nei- 
ther the anterior nor the middle facet is seen, being likewise obscured by overlying bone. 
However, the sustentaculum tali, which supports the middle facet, can always be detected 
as a reniform area of density a little below the posterior aspect of the anterior surface. 
When the ceiling line is constructed with the foot in full eversion only one projection, the 
posterior peak, appears above it. In this view there is always a considerable amount of 
overlapping between the anterosuperior angle of the calcaneus and the head of the talus, 
as well as between the postero-inferior angle of the talus and the posterior peak of the 
valcaneus. 
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Fig. 3: Plantar view of foot. 

a: Sustentaculum tali. b: Tip of medial malleolus. 
c: Middle facet. d: Tip of lateral malleolus. e: Pos- 
terior facet. f: Notch on the posterolateral corner. 


Fig. 4: A common variety of fracture, with the whole 
central portion depressed below the ceiling line. (Figs. 
13-A and 13-B show other views of this same fracture.) 

a: Os trigonum. b: Middle facet. c: Fissure running 
into caleaneocuboid joint. d: Posterior facet. 





Fig. 5-A Fig. 5-B 


Fig. 5-A: Split posterior facet. 

a: Lateral portion of posterior facet is intact. b: Medial portion is considerably depressed. c: Apex 
of sustentaculum tali is not greatly disturbed. 

Fig. 5-B: Showing reduction. 


In full inversion (Fig. 2), a marked change in appearance takes place in the superior 
surface; this is due chiefly to the presence of the sustentaculum tali, which appears as a 
domelike mass, arising within the angle formed by the anterior and middle surfaces. Since 
its apex rises above the ceiling line, we have for convenience called it the anterior peak. 
The posterior portion of this projection is crossed by an obliquely directed shadow, pro- 
duced by the medial half of the posterior facet, while the anterosuperior outline corre- 
sponds to the middle facet. In this view the lower portion of the lateral half of the posterior 
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Fia. 6-A 


Fig. 6-A: Split posterior facet. 
a: Medial portion of posterior facet is markedly 
depressed. 


Fig. 6-B: Plantar view of same fracture. 
a: Lateral splitting. b: Medial splitting. 














Fia. 6-C Fia. 6-D 
Lateral and plantar views after reduction. 


facet is not sharply defined, but it can usually be detected as a narrow band of dense bone, 
running downward and forward to the region of the sinus tarsi. Immediately anterior to 
the sustentaculum tali is the anterior facet, represented by a short horizontal line forming 
an obtuse angle with the middle facet. In full inversion, then, both the anterior and pos- 
terior peaks project above the ceiling line and overlapping is minimal, although the pro- 
jection of bone in the anterior portion of the posterior facet of the talus may sometimes 
override the posterior aspect of the sustentaculum. In actual practice, it is impossible for 
the roentgenographic technician always to project the rays in the same direction, so that 
many intermediate views are common. As a matter of fact, very few of the films are taken 
with the foot in full inversion or eversion, so that in the majority some portion of the 
sustentaculum is visible. However, if one remembers that, as inversion proceeds, the 
sustentaculum gradually rises until its apex appears above the ceiling line, the interpreta- 
tion should not be difficult. 
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In the normal plantar projection, because of the obliquity of the rays and other 
variables, there is necessarily a great deal of distortion, but with practice there should 
be no trouble in interpreting the films (Fig. 3). On the medial side and well forward, the 
sustentaculum tali is seen projecting medially, and about an inch farther forward the tip 
of the medial malleolus is evident; occasionally the middle facet can be seen immediately 
in front of the sustentaculum. On the lateral aspect the tip of the lateral malleolus can be 
seen opposite the sustentaculum, and the base of the fifth metatarsal makes its appearance 
half an inch forward and lateral to the malleolus. In a good film a line about an inch in 
length can be seen, starting from the lateral border and proceeding transversely toward 
the medial side. It is not quite so far forward as the sustentaculum tali and represents 
the important posterior facet. The medial surface is slightly concave; the lateral surface 
is somewhat convex and there is usually a small notch on the posterolateral corner. Ob- 
viously, if the rays are altered and if there is 
marked swelling, many of these features will be 
difficult or impossible to recognize. 

Although there are numerous varieties of 
injury to this bone, some well-recognized types 








Fig. 7-A: Split posterior facet. 

a: Medial portion of posterior facet. 

b: Lateral portion of posterior facet is depressed 
and rotated. 

c: Portion of sustentaculum tali. 








Fig. 7-B: Plantar view of same fracture. 
a: Lateral splitting. b: Medial splitting. 








Fia. 7-C Fig. 7-D 
Lateral and plantar views after reduction. 
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Fig. 8-A Fig. 8-B 
Split posterior facet. Lateral view after reducticn. 
a: Medial portion is intact. a: Medial portion of posterior facet. 
b: Lateral portion is considerably depressed b: Upper margin of lateral half of posterior 
and rotated. facet. 


c: Portion of sustentaculum tali. 


are seen in the roentgenograms. When these are examined from the side, the most 
common appearance is a depression of the area represented by the middle and posterior 
facets and the bone immediately adjoining them (Fig. 4). The fracture line, which is 
roughly Y-shaped or triradiate, commences just behind the posterior peak, and, after 
proceeding downward and forward for an inch or so, bifureates. One limb proceeds an- 
teriorly and upward into the region of the middle facet, while the other opens on the 
inferior surface. Frequently the lower limb is double or even treble, and each of these 
branches may terminate in a gap of about one-eighth of an inch on the inferior surface. 
In some instances a crack opens on the posterior surface, leaving a similar V-shaped gap 








Fig. 9-A Fig. 9-B 
Marked depression of posterior facet, susten- Plantar view of the same fracture. 
taculum tali remaining in position. a: Wide lateral split. } 
a: Posterior facet. b: Sustentaculum tali. b: Medial split. No reduction was attempted 


because of other severe injuries. 
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there. In the most severe cases, the superior surface of the bone is markedly concave, both 
peaks being below the ceiling line. 

In almost every instance of this type, the normal relationship between the facets is 
disturbed, one being depressed more than the other. This is particularly true of the pos- 
terior facet, one half of which may be considerably depressed while the other half is but 
slightly distorted (Figs. 5-A to 6-D). If the lateral half is badly depressed, it is often ro- 
tated on a transverse axis so that the articular surface assumes a more vertical position 
(Figs. 7-A to 8-B). In many instances the sustentaculum does not follow the adjacent bone 
in its downward displacement, but remains in position (Figs. 9-A and 9-B), due possibly 
to the support given by the tendon of the flexor hallucis longus. In another fairly common 











Fig. 10-B 

Fig. 10-A: Plantar view. Several fissures are 
present, but very little deformation of the 
bone. 

a: Tip of lateral malleolus. b: Fissure going 
into posterior facet. c: Posterior facet. 

d; Another fissure opening into posterior 
facet. e: Sustentaculum tali. 


Fig. 10-B: Lateral view. 














Fia. 11 


Fig. 11: Distortion with apparent shortening. 

a; Tip of fifth metatarsal. b: Lateral malleolus. 
: Fissure going into posterior facet. 

d: Posterior facet. e: Fissure going into pos- 
terior facet. f: Sustentaculum tali. 





Fia. 10-C 
Plantar view after reduction. 
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type, the fissure, while roughly Y-shaped, does not enter the talocalcaneal joint, at least 
in the lateral view; the compressed area descends en masse and only to a moderate degree. 
This probably represents the initial stage of the severe types just described. 

Although in the lateral roentgenogram little or no deformation of the articular surface 
may be made out, it is unwise to conclude that the injury is a minor one, since the plantar 
view may show marked fissuring with involvement of the posterior facet (Figs. 10-A, 10-B, 
and 10-C). In another less common type, one or two fissures commence in the region of the 
middle facet and proceed in a more or less vertical direction toward the inferior surface. 
When double, these lines may either converge or diverge in their downward course. In a 
few instances, a small triangular fragment, about one-quarter of an inch to the side and 
slightly detached, can be seen at the anterosuperior border, or even the antero-inferior 
corner; while at other times a crack, which does not involve the articular surface, can be 
made out in the posterior third of the bone, either in the horizontal or vertical plane. In 
compression fractures of any severity, seldom will there be any deformation of the an- 
terior facet, since it is outside the line of the compressing force. 

When examined from the plantar aspect, the most obvious roentgenographic finding 
in compression fractures is widening of the bone, due to splitting in the vertical plane. The 
usual finding is a fissure on each side, starting an inch or so from the posterior surface and 
proceeding forward toward the calcaneocuboid joint (Figs. 12-A and 12-B). A wedge- 
shaped slab of bone is thereby split off from each side, the amount of separation depending 
upon the severity of the force. Next in frequency are the single splits; these are found most 
often on the medial side. Occasionally there are three or even four fissures. Obviously all 
these vertical fissures enter the subtalar joint, and many of them enter the calcaneocuboid 
joint as well. To visualize a fissure entering the caleaneocuboid joint, it is usually neces- 
sary to have an anteroposterior roentgenogram of the ankle joint, in which even the bulg- 
ing and splitting on the lateral aspect of the calcaneus can frequently be made out as well. 
On account of the swelling, the difficulty of getting the foot at a right angle when taking 











Fig. 12-A Fig. 12-B 
Fig. 12-A: Plantar view of a double split. 
a: Sustentaculum tali. b: Posterior facet. c: Medial split. d: Lateral split. e: Lateral malleolus. 
f: Fifth metatarsal. 


Fig. 12-B: Plantar view after reduction. 
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Fie. 13-A 


Fig. 13-A: Marked compression fracture with three 
splits, two on the inferior surface and one on the 
posterior surface. Actual lengthening of one-quarter 
of an inch occurred. pl 

a and b: Inferior splits. c: Posterior split. Fia. 13-B 








Fig. 13-B: Plantar view showing double split and 
apparent shortening. 
a: Medial split. b: Lateral split. 








Fig. 13-C Fia. 13-D 


Lateral and plantar views after reduction. 


the roentgenogram, and the possibility of faulty technique, there is often considerable 
distortion (Fig. 11). In such instances the tip of the medial malleolus may overlap the 
sustentaculum, while on the lateral aspect the projections of the malleolus and the fifth 
metatarsal may almost coincide. In extreme cases of widening, these may be seen within 
the outline of the calcaneus. Frequently one or more fissures may be seen entering the 
posterior facet. 

Some writers contend that the calcaneus is frequently shortened in cases of com- 
pression, but this statement is open to question. At any rate, no example of this has been 
found in the series studied by the author, and in the great majority of instances compari- 
sons have been made with the opposite calcaneus by caliper measurement under fluroscopic 
vision prior to the setting of the fracture. True, in the plantar view the bone often appears 
shortened, but this is due to distortion, as already pointed out. In the vast majority of 


VOL, 32-A, NO, 1, JANUARY 1950 











68 G. E. WILSON 


vases no change was observed in the length of the bone. Sometimes, however, lengthening 
occurred; in one instance this amounted to one-quarter of an inch (Figs. 13-A, 13-B, 13-C, 
and 13-D). From the nature of the injury, it is difficult to see how shortening could occur. 
The author has the same feeling about elevation of the posterior portion of the bone, which 
some surgeons think is a common feature in compression fractures. In many respects the 
calcaneus resembles an arched bridge, the supports being the caleaneocuboid joint in front 
and the postero-inferior border behind. When the arch is driven downward by force 
transmitted through the talus, the posterior pillar, being less fixed, moves backward; the 
amount is influenced by the size of the gaps on the inferior surface and the extent of the 
widening. 

On examining the injured foot, the most characteristic feature is the widening of the 
heel, which is very tender to pressure. Hemorrhage into the adjacent tissues is constant, 
and in severe cases the skin is tense and numerous ecchymotic areas can be seen. The 
diagnosis is not difficult, but fracture of the ankle as well as fracture-dislocation of the 
talus must be differentiated, as either of these conditions may complicate a compression 
fracture of the calcaneus. However, the location of the maximum swelling and tenderness 
over the calcaneus should point to a correct diagnosis. In any event, the final opinion must 
be based upon a study of the roentgenograms. 

It is a good rule in surgical practice never to undertake a complicated procedure when 
a satisfactory result can be obtained by simple means. This principle is particularly ap- 
plicable in the management of a compressed fracture of the calcaneus. The author, there- 
fore, deprecates any operative attempt to replace the fragments; in view of the great 
number that may be present, such an attempt must at best be very incomplete. The intro- 
duction of pins is also objectionable, since they are apt to produce a distressing osteomye- 
litis, very difficult to cure. The object of treatment should be to restore, as far as possible, 
the facets to their normal position, and this can be accomplished best by closed methods. 
Before treatment is instituted, good lateral and plantar roentgenograms must be obtained 
and, preferably, an anteroposterior view of the ankle as well. These should always be taken 
with the same technique, in order that accurate comparisons may be made. 

Having studied the films, we proceed with the setting. The method used, a modifica- 
tion of Cotton’s procedure!, has been employed at St. Michael’s Hospital, Toronto, for 
several years, with quite satisfactory results. It is a combination of simultaneous traction, 
pounding, and lateral pressure, and is carried out with the aid of fluoroscopic vision, both 
in the lateral and plantar views. The patient having been given a spinal anaesthetic, a 
lateral view is obtained by placing the lateral aspect of the foot flat against the table and 
examining it in both eversion and inversion. Inversion is the more important, however, 
since by that means only can the position of the sustentaculum be determined. In obtain- 
ing a plantar view, the patient is turned onto his face and the feet are pulled down until 
they protrude beyond the end of the fluoroscopic table. A portable machine is then placed 
so that the rays are directed from below and pass obliquely through the sole, while the 
screen is held against the back of the heel. In this way, an excellent view can be had of the 
sides of the calcaneus. 

A small, firm sandbag, which can be fitted snugly against the medial surface of the 
salcaneus, is laid on a solid portion of the table and the patient is turned on his side suff- 
ciently to allow the medial side of the heel to be placed flat against the sandbag. This 
necessitates bending the patient’s knee. A piece of heavy broom handle about eight inches 
long, to which a thick pad of felt has been nailed, is then placed upon the lateral aspect 
of the calcaneus, immediately below the lateral malleolus. While one assistant gets ready 
to pull up on the leg and another to exert countertraction with one hand on the dorsum of 
the foot and with the other on the back of the heel, the surgeon—having previously in- 
structed the assistants to exert a strong simultaneous pull at the moment of impact— 
delivers a heavy blow on the broomstick with a four-pound mallet. The blow disimpacts 
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the fragments. As the talus moves upward, it pulls the depressed segment of the calcaneus 
with it, owing largely to the strong interosseous ligament. If disimpaction has been accom- 
plished, crepitus can usually be made out; if the fragments have been elevated, the widen- 
ing of the heel will have disappeared except for that caused by the oedema of the soft 
parts. If firm pressure, exerted by grasping the heel just below the malleoli between the 
thumb and index finger, is continued for a few minutes, the oedema will largely disappear 
and a fairly accurate opinion of the width can be obtained. The bone, with the foot in full 
inversion, is then examined with the fluoroscope to see that the depressed areas have been 
elevated sufficiently. If the sustentaculum is still depressed, the lateral aspect of the foot 
should be laid against the sandbag and the broomstick should be placed against the medial 
margin of the sustentaculum, which can always be felt just below and a little anterior to 
the medial malleolus. It should be given a sharp blow in a lateral and upward direction. 
If reduction has been secured, both peaks should be well above the ceiling line with the 
foot in inversion, and in the plantar fluoroscopic view the width should be fairly well 
restored. If undue widening remains, the manoeuvre may be repeated or, provided crepitus 
is obtainable, lateral pressure by the hands may be tried. If that fails, pressure may be 
applied by means of a Thomas wrench. The wrench should be tightened gradually, the 
handle being wiggled from side to side at the same time. 

When satisfactory reduction has been accomplished, one can proceed with fixation 
by means of plaster-of-Paris. The patient should be prone with the feet hanging free be- 
yond the end of the table. This helps the operator to judge the normal position of the heel, 
since he can compare it with the opposite side. Under normal conditions, the heel turns 
in a few degrees and this must be recognized. It also must be remembered that in a fracture 
of the calcaneus, if the heel is displaced at all, it is usually to the medial side, and it is not 
uncommon to see instances in which this deformity has not been corrected. A snugly 
fitting portion of stockinette, long enough to extend to the knee, is pulled over the foot 
and a moderate amount of raw cotton is wound about the ankle. A thick piece of sponge 
rubber, two inches by one and one-half inches, is then placed immediately beneath each 
malleolus, and over this the plaster is applied. This extends from just below the knee to 
the heads of the metatarsals, and the foot is allowed to fall into moderate plantar flexion. 
Just as the plaster is hardening, firm pressure is exerted on the sponge rubber, making 
sure that the pressure is as close to the tips of the malleoli as possible. If the swelling is 
moderate, the pressure is applied by grasping the heel from behind between the thump and 
index finger, the right hand being used for the left heel and the left hand for the right heel; 
the pressure is maintained until the plaster has set. If the swelling is marked; however, it 
is better to use both hands and to compress the heel laterally between the base of the 
palms. The pressure must never be sufficient to cause necrosis of the skin. Indeed, if the 
reduction has been complete, no great pressure is required to keep the alignment satis- 
factory. 

Postreduction plates are made the next day. If the setting is satisfactory the cast is 
ieft on for a month, unless there has been a great deal of swelling, in which event it is wise 
to change the cast in about ten days. After removal of the cast, the patient is encouraged 
to move the foot in various directions many times a day. If there is much tendency to 
swelling, it is wise to apply a pressure bandage for a couple of weeks; if physical therapy 
is available, it should be recommended. The patient should not bear weight on the limb, 
however, for about eight weeks from the time of the setting, and then only with the help 
of crutches and when he is wearing a fairly stout shoe. The time at which the patient is 
able to return to work depends partly upon the severity of the compression, but to a 
greater extent upon the completeness of the reduction. In fractures of moderate degree 
and good reduction, the man will often be able to resume work in three months; in the 
very severe injuries, if the reduction is satisfactory, it may be six months before he can 
get back to his job, and even then he may have some residual swelling about the ankle. 
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The treatment of compression fractures of the calcaneus which have been poorly 
reduced, resulting in a painful foot, does not come within the scope of this article. How- 
ever, one should never be in a hurry to recommend arthrodesis of the subtalar joint, as 
there is no guarantee that such a procedure will eliminate the disability. Nature is a won- 
derful healer if given sufficient time, and it is remarkable what a good result may some- 
times ensue even in those cases with considerable deformation of the posterior facet. It is 
gratifying at times to see all discomfort disappear by the simple device of placing a lift 
on the medial side of the shoe. Because a certain amount of deformity is compatible with 
good function, some surgeons refuse to attempt any correction, but this view is surely 
untenable. An obviously deformed heel gives the individual an excellent excuse, if he is so 
inclined, to make the most of his injury. Moreover, the presence of deformity makes it 
very difficult for the examiner to say that there is no disability, even though he can find no 
evidence that the man is suffering pain. There is no legitimate excuse, therefore, to avoid 
correcting a deformed heel, the result of a compression fracture of the calcaneus. 


SUMMARY 


Compression fractures of the calcaneus are serious injuries, because of the frequent 
derangement of the upper articular facets. Because the interpretation of the broken frag- 
ments is difficult, a study was undertaken to determine the significance of the various 
lines seen in the lateral and plantar roentgenograms of the normal bone; with the knowl- 
edge acquired, recognition of the various forms of displacement in cases of fractures be- 
came easier. Inasmuch as the appearance of the bone differs greatly when the roentgeno- 
gram is taken with the foot in eversion or inversion, this fact had to be taken into con- 
sideration when assessing the findings. An imaginary line connecting the anterosuperior 
with the posterosuperior angle we have called the ceiling line. In eversion only one projec- 
tion, the portion of the bone immediately behind the posterior facet, lies above this line; 
while in inversion the sustentaculum tali also rises above it. The fractures are reduced by 
a combination of simultaneous traction and compression. Reduction of the fracture is 
always done with the help of the fluoroscope, the plantar view being obtained by having 
the patient lie on his face with the feet projecting beyond the table. An excellent view 
can then be obtained by directing the rays from below. Fixation is by plaster for a month 
only. This is followed by exercises without weight-bearing for another month, after which 
weight-bearing, commencing with the use of crutches, is allowed. 

1. Corron, F. J.: Os Calcis Fracture. Ann. Surg., 64: 480-486, 1916. 
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PROGNOSIS IN POLIOMYELITIS * 


BY RAYMOND E. LENHARD, M.D., BALTIMORE, MARYLAND 


A survey, similar to one previously reported for 19412, was made of the 1944 polio- 
myelitis epidemic in Maryland. In summarizing the findings, an effort was made to corre- 
late information gained from a statistical analysis of the cases, from the recovery of pa- 
tients, and from the recovery of individual muscles, in order to present the prognosis for 
poliomyelitis. 

STATISTICAL ANALYSIS OF CASES 

The 1944 epidemic was the largest recorded in Maryland,—a total of 499 cases or an 
incidence of 24.9 per 100,000 population. There were 16 deaths or 3.2 per cent. In the 
United States for that same year the incidence of poliomyelitis was 13.6 per 100,000 
population, and the death rate was 7.2 per cent. 

There were 295 males and 204 females, or a ratio of three to two based on the 1940 
census of the State (50.2 per cent. males, 49.8 per cent. females). Only 6.8 per cent. were 


TABLE I 
AGE DISTRIBUTION AND INCIDENCE 






































Age Group | Patients Population | Incidence 
(Years) | Number Per cent. (From 1940 census) (Per 100,000) 
OS Ser ee eee | 107 21.4 136,665 78.29 
(TE Saree | 163 32.7 140,830 115.74 
_ | Sr re 108 21.6 156,352 69.07 
Peer | 64 12.8 167,777 38.14 
20 and Ove? eos... 5. 57 11.5 1,219,620 * 4.68 
| ITE S | 499 100.0 
TABLE II 
DEATHS FROM Eacu Tyre or POLIOMYELITIS 
Patients Deaths 
Type Number Per cent. Number Per cent. 
re dg 5 ain bag ann ateldea aha Grelee 47 9.4 13 81.2 
SS CFE PST ee 62 12.4 3 18.8 
MES. cc Goren. laced ceed anes 390 78.2 0 0 
ME Cd ors tee ack Dah ee ea 499 100.0 | 16 100.0 








negro patients, whereas the colored population of Maryland is 16 per cent. of the total. 
There were 181 cases or 36.3 per cent. in Baltimore, which has 50 per cent. of the total 
population of the State. The other 318 cases were in the twenty-three counties of Mary- 
land. Four of these counties have large towns, are more densely populated than the others, 
and comprise 25 per cent. of the county census. In these four counties 236 cases occurred, 
or 47.3 per cent. of the total epidemic. 

The 1944 epidemic of poliomyelitis in Maryland had a higher attack rate than that 

* The survey was made possible by a grant from the National Foundation for Infantile Paralysis, Inc. 
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TABLE III 


LENHARD 


Prriop oF HosPITALIZATION FOR 384 PATIENTS * 








ln f No. of Hospital Days 
Hospitalization P. aes $$ 
atients Isolation Convalescent 
. | _ 
During isolation period only.................... 140 | 2,310 
During both isolation and convalescent periods. . . . 213 4,986 30,798 
During convalescent period only............... 31 | 4,039 
Total | | 
During isolation period................... 353 7,296 
During convalescent period.................. 244 34,837 





* 115 patients were not admitted to the hospital. 


TABLE IV 


ANALYSIS OF CASES IN WHICH RESPIR 





ATOR Was REQUIRED 


Average Days 
per Patient 
16.5 
168 
130 


20.5 
143 





Hospital Days 


Category T 


| Sex Race No. of No. of 
Extremities} Days in | Isola- Conva- Not Ex- 
Age Group | M. F. | W.C. | Involved |Respirator| tion lescent Total | 1 2 3 4 5 6 Died amined 
Under 4... 2 2 4 46 153 300 453 | 1 l 
S09... 3 2 5 6 21 46 689 735 l 3 ] 
10 to 14... 6 6 16 395 500 1,026* 1,526 | 1 1 a 3 ] 
15 to 19... 4 1 4 1 14 866 ** 668 715* 1,383 | s 3 
20 and over | 1 5 6 20 480 |} 525 628 1,153 2 eS ae 
Potel . i... 146 8 | 23 1 60 1,808 1,892 3,358 5,250|201226 9 2 





* One child is still in hospital at time of survey (November 15, 1946). 
** One child is still in respirator at time of survey (November 15, 1946). 
+ This refers to a grouping of cases in terms of recovery, as explained under “Recovery of Patients’. 


TABLE V 
ENnp-Resutt CoMPpaRIsSON OF Two EpipEemics 


1941 Epidemic 1944 Kpidemic 


Classification No. of No. of 
Patients Per cent. Patients Per cent. 

Good recoveries 

No paralysis... . 52 18 51 13 

Complete recovery........ 96 34 172 44 

Subnormal........ 47 16 27 7 

Slight residual....... 40 14 58 15 
Poor recoveries 

Moderate residual... . 32 11 47 12 

Marked residual... . 14 5 25 7 

Complete residual. ....... 6 2 9 2 
Total patients........ eee 287 389 

Good recoveries........... | 82 79 

Poor recoveries............ 18 21 
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in the country as a whole, but a lower death rate. The incidence was low in the negro 
population; it was higher in the males and higher in the densely populated areas. 

An analysis of the age distribution of the incidence according to age groups is shown 
in Table I. Four patients were under one year and eleven patients were over thirty years 
of age. The youngest patient was two months old; the oldest, forty-one years. The attack 
rate was apparently twenty-five times greater in the age group from five to nine years than 
in the adult group. 

The types of poliomyelitis in this epidemic and the deaths from each type are classi- 
fied in Table II. There were no deaths in the spinal group. Three deaths occurred ir. the 
bulbospinal group: One patient died on the sixth day; one patient was in a respirator for 
thirty-six days and, while still in a hospital, died of pneumonia on the 447th day; one 
patient died of pneumonia on the 305th day, while still in a respirator. The thirteen deaths 
in the bulbar group occurred from one to eleven days after the onset of poliomyelitis: 


Number of Patients Days after Onset 
1 1 
2 2 
5 3 
2 4 
1 7 
1 9 
1 11 


One hundred and fifteen patients were not admitted to a hospital. There were 140 
patients admitted to an isolation hospital for an average stay of sixteen and one-half 
days. Thirty-one patients were admitted for convalescent care only, and 213 patients 
who had been admitted to an isolation hospital were transferred to another hospital for 
convalescent care (Table ITI). 

Twenty-four patients required the use of the respirator (Table IV). Seven of these 
cases were of the bulbar type: Six patients died on or before the ninth day; one survived 
after being in the respirator for eighteen days. Seventeen were of the bulbospinal type: 
One patient died in the respirator on the sixth day and one died on the 305th day in the 
respirator. Two were classified as chronic respirator cases: One required 328 days in the 
respirator; the other is still in a respirator after two and one-half years. Thirteen are 
classified as convalescent respirator cases and remained in the respirator for the following 
periods of time: 


No. of Cases No. of Days No. of Cases No. of Days 
2 3 2 24 
l 12 | 26 
1 14 2 36 
1 16 1 40 
l 23 1 74 


The average period spent in the respirator in this group was 24.4 days. 
RECOVERY OF PATIENTS 

For the two-year follow-up, 389 patients, or 78 per cent. of the total, were available 
for the survey. Most of those not available had moved from the State. The patients sur- 
veyed had a complete examination of muscles by Mr. H. O. Kendall, chief physical thera- 
pist of the Children’s Hospital School, Baltimore. They were also examined by an ortho- 
paedic surgeon for an estimation of functional disability or deformity. A tabulation and 
classification were done in order to show the amount of recovery or the gross involvement 
of the patients. A description of the categories is as follows: 

1. Normal (223 patients). This included all patients who showed no muscle weakness, 
as determined by complete muscle tests. Fifty-one non-paralytic patients were included. 
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2. Subnormal (twenty-seven patients). This included the patients who had slight 
weakness in isolated muscles (usually about 70 per cent. of normal), but not sufficient 
weakness to cause a functional disability. There was no visible handicap. 

3. Slight Residual (fifty-eight patients). This included chiefly those patients who 
had involvement of one foot or one shoulder, or moderate abdominal weakness. Any in- 
volvement from zero up to and including 60 per cent. strength in the muscles was included; 
zero, trace, or 10 per cent. was listed as zero, and 20 per cent. to 60 per cent. were referred 
to as ‘‘weak”’ in the following description of cases: 


NG 28 ad cd) 30a ta nang tt ay Ga a ee AE a ae halk Sis Bd hc 8a oral abs aa hes acd Sasa 1 
I osc cerav a. x praia acu Bare aR aan tea We civ acne Riau TIO od ast eee ot ota a ea Ca 1 
WN er ear es Saree vita ark ow Sain ek desing s wee Osos Ae ete See Seon aioe eer eas 20 
INR OS to aicuS ced bc cid e's bx bienlbind saa e smalpadigueqsinebis sd deauswa ss 1 
TORE Mien Ie MRE TETAS UECTIOE aia ia. ois os ies ote dicesielon eee seed te dsaseass 6 
IID 6. 6. 6:0. 4 dis 0 hie Senkwatelnatiaes ATU tia tie eee oe, ociile cma atS 3 
I nt. 25 215.2%. 6 cho Braspio sc. 4 isia Aree. SEM SRS RIN ONE ws SOS eT Bala Mw ace a's sae 9 
ro sche, 2 ais tas sears ate aa aia late oon aRS se eet ee dita ea aie AOS aig eee SOM ois cero 1 
a I oN Fcc 25. ci wish alk leg DrsasnTe Sea BIe Dra Ow ea emraee aitae laa Ae ain Giada ad ieiade ani arae 14 
SEE POC, SOD TE Pe OE ee re re Pe ere 2 
TP, Ce SNONIOR GUE TEINS DODENTIOE oc ooo. sie cc ce cececscewasescdacdeseeccs 7 
ord tetas cp wines, waists ata ate at ie Cla Pketeiot ao lakar ea tie Fae a A na eee 2 
Fada Wt at Wie wigie Nie RONG Oa 6 as dkms Pe SEWN opti seelt 3 
Moderate abdominal weakness (about 50 per cent. of normal)... ........0....0.0 000 c cc eee ce eee 6 
SS GE ee BIE II o.oo ooo i iB idccccddcccsedccewsvccececesega 1 
a I SE I Or ON FOI oo ooo 6d ioig cdo os dbs ces eC see casccerscoceubenar 1 
Weak tibiales and glutaeus medius, left...................... pe LPO sles Shan drs OSG aN ate oa 3 
a La I Sg iors den aa eH S Wie Meld iG ld b wiekblele W'eig/awiaiGlahla-aD wie Ralmaiels 3 
Guadricens 40 per cont. and tihtales GD per comt...... wn ccc cc ccc cece ences envececesees 1 
INI 3.55 Soko tale Void Cucina ahd Sia W's 6-5 iS Aceh a a RAG A alaals Wed Ge) sedisbddactneTeais 1 
Cee OtS er Ue GONE. GUNE MONTE BD Or COE og ck oe oc ic iwc cece nict eee dees te bEW sas mes 1 
ee ee occ ck cue dade sanes ew bdnecs sO act ones pele becesneens 1 
Pe er i I Ne III oo 5 ooo ss cei cn cece cece calecedascosessedposdslees of | 
ee te er III IIE goo cela 'oic ois ick Vie Sela a Salar Camnnne dc tines Sawaciews wlakecen 1 
SONI oes id caddnt ceo decanaeetbinwidscachaiiacelekeae Niece can eaaee 1 


4. Moderate Residual (forty-seven patients). This included all patients with involve- 
ment of one entire extremity or one portion of each of two extremities, as well as a few with 
mixed weakness of isolated muscles. The involvement might be complete paralysis or 


TABLE VI 
Recovery ACCORDING TO AGE AND SEX 








Good Recoveries 
Normal and Good within Age 
Age Group Recoveries Poor Recoveries Incidence Group 
(Years) (Categories 1,2, and 3) (Categories 4, 5, and 6) (Per cent.) 
de SR re er ere 68 13 Second 84 
tS eed reer 108 20 Highest 84 
Se err 80 14 Third 85 
EEE oe ere 33 20 Fourth 62 
Aner 19 14 Fifth 58 
ME cincisn sce mexacacouns 308 81 
ee, Se ee ees ee i Pe eae eee 
DE 6d ce dacs mentcue ue 196 39 
ee eee 112 42 

















*In this survey, more males were affected than females; but the percentage of good recoveries was 
higher among the males. 
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TABLE VII 
TYPE OF INVOLVEMENT IN RELATION TO AGE GrovuP AND ENp REsULT 














| Category 
No 
Complete Sub- Slight Moderate Marked Complete Exam- 
Type| Age Group Recovery normal Residual Residual Residual Residual Died ination | Total 
Bulbar| Under 4.... 4 0 0 0 0 0 1 1 6 
fied... 8 1 0 0 0 0 3 1 13 
10to14.... 9 1 0 0 0 0 4 2 16 
| 15tol9.... 3 0 0 0 0 0 2 0 5 
20 and over. 3 0 0 0 0 0 3 1 7 
7Ote)....... 27 2 0 0 0 0 13 5 47 
Bulbo-| Under 4.... 1 0 0 0 0 0 1 2 4 
spinal | | ae 15 0 3 2 0 0 0 4 24 
10 to 14.... 11 0 2 1 1 1 0 2 18 
to 28.... 2 0 2 0 0 3 1 0 8 
20 and over. 0 0 0 3 2 1 1 1 8 
| ee 29 0 7 6 3 5 3 9 62 
Spinal | Under 4.... 43 5 15 10 2 1 0 21 97 
} §to9.... 56 6 19 9 9 0 0 27 126 
10to14.... 43 5 9 7 3 1 0 6 74 
15to19.... 19 5 2 11 4 2 0 8 51 
20 and over. 6 4 6 4 4 0 0 18 42 
Total......| 167 25 51 41 22 4 0 80 | 390 
| 
Grand Total......... 223 27 58 47 25 9 1694 | 499 
_ I 





weakness up to and including 60 per cent. of muscles. Of the forty-seven extremities, five 
were flail or almost flail. They may be tabulated as follows: 


Left arm........ keene ean Re Soe ; ee ib eat dake ei eR adedies é 
ES ee eee ee ee ee PE TT Se ee Oe TET eer eee 2 
iors hap beea Mets REsa meee As ere 10 
Right leg...... aia as’ Gh eset sunita 11 
Both feet... ... et. 8 
Both shoulders. .... dee ae LR ed Oe dbeiors suibacta deareaht Sed hed 2 
Mixed weakness, approximately equivalent to the weakness of one extremity... ... 9 


5. Marked Residual (twenty-five patients). This included chiefly patients with in- 
volvement of two extremities, complete paralysis, or weakness up to and including 60 per 
cent. muscles (major muscles). In some cases a hip, a foot, or a knee was normal in strength. 
Eleven of the fifty extremities involved were zero and eight had muscles grading 30 per 
cent. or under, so that nineteen were grouped as flail or almost flail. They were classified 
as follows: 

Bilateral lower extremity... .. terete e ads pia eacaohs OT arate 


Left arm and right leg.............. Ia ind tee ASTI sk. ala ho Fae orgie naty aati 
Bilateral upper extremity..... Narn ensen eis y Ribsovate oes ctu saodet nage oinens tense pee 


6. Complete Residual (nine patients). All of these patients had involvement of all 
four extremities and trunk. Three patients had all four extremities flail or almost flail; 
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TABLE VIII 


Preriop at Wuicn Muscies ATTAINED MAximumM RECOVERY 























1932-1938 Poliomyelitis Study 1944 Poliomyelitis Survey 
Period of oe ay —— an 
Maximum Recovery No. of Muscles No. of Muscles 
, Attaining Maximum Per cent. Attaining Maximum Por cont, 
ME. os ¢ua ns ot ee 3 0.4 
es, RE ER ROR ea 5 0.7 
SRS rreee rere 7 1.0 
| re ee ke ie eae 5 0.7 19 1.8 
DT | ere ere 5 0.7 
A ane an 26 3.7 59 5.7 
RR. oo Sua Cae 38 5.4 
PIR. 8 dc curs ceecalhs ba 55 7.8 66 6.4 
| ne re 76 11.0 114 11.1 
II. 5 ious 2s Sears wes 112 16.0 223 St. 
errr cere 70 10.0 282 27.3 
er ae ter Re 176 25.1 185 18.0 
First examination........... | 123 17.5 82 8.0 
0 ere er ws | 701 100.0 1,030 100.0 








one was a chronic respirator case. Of the thirty-six extremities, nineteen were flail or al- 
most flail. 

In 1941 a similar survey had been made. The end results of the 1941 and the 1944 
epidemics are compared in Table V. The cases classified as subnormal showed almost 
total recovery; the weakness of muscles was graded against a high standard which, in the 
hands of other examiners, might be called normal. Those cases classified as “‘slight re- 
sidual”’ represented a very limited extent of involvement, and in most instances stabiliza- 
tion would be possible by operation to the point of minimal functional handicap. The 
cases Classified as normal, subnormal, and slight residual are grouped together as ‘‘ good 
recoveries”. The percentage of good recoveries was approximately the same in the two 
epidemics. Similarly, the categories of moderate to complete residual involvement of 
extremities were essentially the same in the two epidemics. The inference may be that 
the epidemics were not very dissimilar, if analyzed carefully. 

An analysis of recovery with respect to age and sex is seen in Table VI. An analysis 
in relation to age group and type of poliomyelitis involvement (Table VII) shows that 
all of the patients with bulbar involvement either died or recovered completely. None of 
the adults with bulbospinal paralysis attained a good recovery. 


RECOVERY OF MUSCLES 


In addition to the analysis of the recovery of patients, the author rechecked some 
facts established in a previous survey in 1940, in regard to the recovery of muscles. In 
both the 1940 survey (covering statistics from 1932 to 1938) and the 1946 survey of the 
1944 poliomyelitis cases, the muscles studied were the glutaeus maximus, glutaeus medius, 
inner hamstrings, outer hamstrings, quadriceps, gastrocnemius, and tibialis anterior in 
the lower extremity, and the middle portion of the deltoid, biceps, triceps, and opponens 
pollicis in the upper extremity. These eleven muscles were chosen as representing a fair 
group, both from the standpoint of importance and because they are subjected to strain in 
ordinary functional activity. In the 1940 survey, 701 muscles were studied from the records 
of seventy-four patients; and in the 1946 survey, 1,030 muscles, from the records of 123 
patients at the Children’s Hospital School. The period at which the muscles attained their 
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maximum recovery is seen in Table VIII. Although the 1946 survey is limited to a two- 
year follow-up, the findings seem to confirm those in the 1940 study. 

At the first examination in the 1944 survey, 8 per cent. of the muscles had reached 
maximum recovery. At the end of three months, maximum recovery had been reached by 
a total of 53.3 per cent. of the muscles, and at six months by a total of 75 per cent. By the 
end of eighteen months, 98.2 per cent. had attained maximum recovery. This does not nec- 
essarily mean complete recovery to normal power, but that recovery had ceased at the 
time indicated on the chart. If treatment had stopped after the first three months, there 
is a possibility that 47 per cent. of the muscles might have lost the chance to attain maxi- 
mum improvement. If treatment had ceased after six months, 25 per cent. of the muscles 
might have lost this opportunity. 

However, one does not continue to treat muscles and hope for recovery which cannot 
be obtained. A maximum point of recovery is reached within approximately eighteen 
months after the onset of the disease; but previous studies have shown that, if no improve- 
ment in power is noted after a three-month period (provided treatment has been adequate 
and accurately done), the maximum probably has been reached, and there is nothing to be 
gained by further treatment of the patient in the convalescent phase. If muscles do not 
improve after three months of treatment, only 5.5 per cent. of them show improvement 
thereafter. If they do not improve after six months of treatment, only 2.4 per cent. can 
be expected to show any improvement by continued treatment. Only by careful observa- 
tion of muscle power can we know what is being accomplished and how long to persist 
with treatment. 

One might be interested to know what opportunity muscles have to recover from 
poliomyelitis, especially those that are initially weak. Table LX shows what results can be 
expected of muscles starting at various levels of initial power, with a comparison of the 
results obtained in 1932 to 1938. A muscle attaining 80 per cent. power is considered a 
good muscle,—able to complete the arc of motion against gi wity and a medium amount 
of resistance several times without showing signs of fatigue. In the 1944 epidemic, 7.3 per 
cent. of muscles graded as zero made good recovery; 23.3 per cent. of the 10 per cent. 
muscles recovered; and 50.8 per cent. of the 20 per cent. muscles recovered. Muscles 
starting at higher levels recovered more readily. 


TABLE IX 


Muscies ATTAINING A FINAL GRADE OF 80 PER CENT. OR MORE 


1932 to 1938 Study 1944 to 1946 Study 
First 
Examination | . : Muscles Attaining 7 . Muscles Attaining 
Grade No. of 80 Per cent. or More No. of 80 Per cent. or More 
(Per cent.) Muscles Muscles 
Graded No. eoeners Graded No. aie aise: 
er Peer 200 13 6.5 273 20 7.3 
re 58 24 41.4 60 14 23.3 
ee 86 43 50.0 59 30 50.8 
are 82 67 81.7 52 37 71.2 
AA eree 57 46 80.7 64 49 76.5 
ee 41 36 87.8 54 18 88.8 
a e 64 57 89.0 291 282 96.9 
SN ey 56 54 96.4 111 109 98 .2 
ee 26 57 57 100.0 66 66 100.0 
ee 701 397 56.6 1,030 655 63.6 


——— : — —— : $$ 
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TREATMENT 

Three hundred and twenty-five patients were admitted to hospitals for the isolation | 
period. When treatment was required beyond the isolation period, the patients were ad- | 
mitted to other hospitals for convalescence. 

At the Children’s Hospital School, the treatment consisted of rest for the weak or 
paralyzed muscles in positions to relieve strain or stretch, and physical therapy in the 
form of heat, massage, and exercises specifically outlined for and applied to each patient, 
dependent upon information obtained after careful examination for muscle power. The 
treatment was increased in frequency and magnitude as the muscles demonstrated 
recovery. 

The rationale of such treatment is based upon clinical observations controlled by { 
examination of muscles, done by trained therapists whose accuracy has been clearly 
demonstrated. Mr. Kendall and his staff of physical therapists have had years of experi- 
ence with hundreds of patients and hundreds of thousands of muscle examinations '. The 
author knows of no more accurate method of charting the course of muscle recovery. | 

In 1940 the records of cases of the preceding eight years were carefully reviewed and 
it was determined that, once the original pattern of muscle weakness has been established, 
there is a persistent recovery of power, until a maximum is reached. This does not apply to 
muscles graded zero or slightly better; here weakness remains because of damage to the 
central nervous system. There is no recession of power except under conditions of improper 
treatment. Careless handling and overtreatment may superimpose stretch weakness, weak- 
ness due to fatigue, or strain on joint structures to such an extent that maximum recovery 
may be delayed or never attained. 

The application of heat is helpful in relieving soreness in muscles and in relaxing 
them, but should be prescribed in moderation. If used to excess, it may be harmful. In an 
analysis of the 1944 epidemic it was found that, of those patients receiving hot-pack 
therapy during the first few weeks of the disease, 73 per cent. made a good recovery; of 
those who did not receive hot-pack therapy during the first few weeks of the disease, 87 
per cent. made a good recovery. 

The extremities are not held in rigid fixation by solid casts, but plaster shells are used | 
for the lower extremities and wire splints for the upper extremities to obtain positions of 
rest for the muscles. The joints are not allowed a complete range of motion during the 
phase when the muscles are weak or painful, but the range is increased as recovery is dem- 
onstrated. Massage and exercise are given with care to avoid fatigue, and the dosage is 
prescribed in accordance with the muscle power. 

In the 1944 epidemic, as in previous years, it was evident that muscles involved by 
poliomyelitis responded to supportive treatment and carefully controlled physical therapy. 
Unless treatment was faulty, the improvement was continuous until a maximum recovery 
had been obtained. This was demonstrated over and over again. If, however, the muscles 
were fatigued by lack of support, if the patients were allowed to stand and walk too soon, 
if they were given curare or prostigmine, if the muscles were stretched and no heed given 
to supportive therapy, the muscles remained weak. Such muscles improved markedly 
after supportive care had been given, regardless of the time which had elapsed since the 
onset of the poliomyelitis. One can be reasonably sure that the muscles might have been 
much better had they been supported immediately after the onset of the disease. 

Treatment for the poliomyelitis patient is commonly translated into an urge to do 
something,—to give heat in abundance, to give massage, exercise, and motion. The more 
that is done for the patient, the better the therapist feels. The greatest need in the early 
stage of convalescence is rest for the patient and for the muscles involved. They do not : 
require, nor should they have, much physical therapy. The importance of vigorous treat- 
ment can be emphasized so much that the recovery of patients is actually retarded. This 
becomes apparent as soon as protective care is employed. How much harm is done to mus- 
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cles vigorously treated cannot be determined, but unless treatment is carefully managed, 
a superimposed weakness persists. 

The posterior muscles of the trunk and legs are frequently tight. Some therapists 
accentuate the necessity for stretching them and insist upon extreme flexibility. Emphasis 
upon stretching back and hamstring muscles can result in a degree of flexibility far be- 
yond normal and may result in an increased number of deformities, especially scoliosis, 
kyphosis, hyperextension of the knees, and lordosis. It is more desirable to have a back 
that is tight than one which collapses from muscle and ligament weakness. 

Until such time as poliomyelitis can be prevented or attacked adequately in the acute 
stage, the problem remains of dealing with paralysis in the subacute stage. Apparently 
the recovery rate of epidemics is approximately 80 per cent., as demonstrated in two large 
epidemics in Maryland and as reported in other states. Approximately 20 per cent. of the 
patients have fairly extensive residual involvement of muscles. The excellence of any 
treatment can be measured by the amount of residuum in deformity and perhaps by the 
degree of weakness. The author believes that recovery can be aided by treatment and that 
muscles can lose power markedly by abuse or neglect. A lack of reserve power has been 
observed in muscles that have made an apparently complete recovery according to clinical 
tests, which makes it seem wise to avoid the fatigue of overtreatment or of exertion. 


DEFORMITIES 


The survey is a two-year follow-up study and, while it represents the probable limit 
of improvement of muscles, it does not relate the end of the story of deformities. However, 
it appeared worth while to survey the extent of deformities at the end of this two-year 
period. Wherever there is imbalanced power in antagonistic muscle groups, deformities 
can occur during the convalescent stage; and, unless supervision of the patient is main- 
tained, they will occur later. This survey was the first opportunity in Maryland to compare 
two series of cases. There were 150 cases treated by non-supportive methods and 150 cases 
treated by supportive methods. In the former series there were thirty-five deformities in 
twenty-two cases; in the latter series, nineteen deformities in fifteen cases. Fewer deformi- 
ties occurred in those cases treated by supportive therapy and careful physical therapy. 


SUMMARY 


A survey of the 1944 epidemic of poliomyelitis in Maryland, with data concerning 
the incidence, the mortality, and the morbidity in relation to age, sex, and the types of the 
disease, has been compared with a survey of the 1941 epidemic in Maryland. The results 
of the two epidemics were similar, except that slightly more patients had residual involve- 
ment in 1944. 

Approximately 80 per cent. of the patients obtained a good recovery, and apparently 
treatment aids in attaining maximum recovery. Treatment should be carefully super- 
vised and guided by muscle examinations to minimize the residual involvement in those 
who do not make a good recovery. 

Supportive treatment is important. Delay in recovery and persistence of weakness 
have been observed in patients allowed to fatigue muscles by overtreatment, too much 
activity, or lack of necessary support. Treatment given without regard to the protection 
of muscles results in a greater degree of residual involvement and more deformities. 

Note: The author is indebted to Mr. and Mrs. Henry O. Kendall for the examination and recording 
of muscle power, and to Mrs. Marta Rohrer for the compilation of data. 
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SURGICAL DIVISION OF THE PATELLAR RETINACULA TO 
IMPROVE EXTENSION OF THE KNEE JOINT IN 
CEREBRAL SPASTIC PARALYSIS 


BY G. W. N. EGGERS, M.D., GALVESTON, TEXAS 


From the Department of Surgery, Orthopacdic Division, University of Texas 
School of Medicine, Galveston 


The inability of patients with cerebral spastic paralysis to extend the knee joint com- 
pletely, because of partial, persistent, and passively correctable flexion, has been demon- 
strated. The condition has been improved satisfactorily by the method of Chandler. In 
his operation, the hamstring muscles and the capsular restriction are released and the 
patellar ligament is advanced distally by transfer of the tibial tubercle, or the patellar 
tendon is shortened. 

The inability of the quadriceps to completely extend the tibia at the knee joint pre- 
sents an interesting problem. The quadriceps is enclosed by the fascia lata of the thigh 
and glides freely within it above the knee. This freedom is limited at the patellar level. 
The limitation is brought about by the arrangement of both the fascial and the muscle 
structures. Fibers of the fascia lata which extend to the borders of the patella are referred 
to by Cunningham as the patellar retinacula. Laterally, these fibers are continuous with 
the thickening of the fascia lata, known as the iliotibial band, which attaches directly to 
the lateral tibial condyle, anterior to the proximal fibular articulation. Distally, the fascia 
lata becomes continuous with the deep fascia and intermuscular septa, and is attached 
to the tibia and fibula and to the tendons as they cross the knee. Medially, the deep fascia 
is bound to the tendons of the sartorius, gracilis, and semitendinosus. Of particular im- 
portance, the fascia lata is fused with the tendinous slips of insertion for the vasti (Fig. 1). 
These muscles, in addition to inserting on the patella, send slips to the condyles of the 
tibia (Fig. 2). These slips are referred to by Morris as patellar retinacula. 

Thus, the pull of the quadriceps as a whole is primarily on the tuberosity of the tibia 
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Fra. 1 
Fusion of the fascial and muscular retinacula, medial side of knee joint. 
1: Vastus medialis. 2: Fascial retinaculum. 
3: Muscular retinaculum. 4: Fusion line of musculofascial retinacula. 
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by way of the patellar ligament, secondarily by way of the slips from the vasti to the tibial 
condyles on each side of the patellar ligament, and also, through fusion of these insertions 
with the fascia lata, to its attachments on the tibia and fibula. Thus, in extension of the 
knee joint, the pull is not only in the median line of the extremity through the patella, but 
also to the sides, through the fibrous and the muscular patellar retinacula (Figs. 3 and 4). 

These anatomical facts are basically important in the flexed condition of the knee, 
found in cerebral spastic paralysis. The prolonged knee flexion causes stretching of the 
patellar ligament, but there 
is less stretching of the 
structures medial and lat- 
eral to the ligament. The 
amount of stretching is 





Fie. 2 


Fig. 2: Insertion of patel- 
lar ligament and muscular 
retinacula into tibia. 

a: Muscular retinacula. 

b: Patellar ligament. 

(Redrawn from Morris’ 
Human Anatomy, Ed. 10, 
Fig. 346, p. 349.) 


Fig. 3: Lateral aspect of 
knee joint. Retinaculum 
(a) is divided in the surgical 
procedure. 

a: Muscular retinaculum. 

b: Patellar ligament. 

(Redrawn from Toldt: 
Anatomischer Ailas fiir Stu- 
dierende und Arate, Fig. 
469, p. 231. Berlin, Urban 
und Schwarzenberg, 1911.) 





Fig. 3 Fig. 4 . 
Fig. 4: Medial side of knee joint. Retinaculum (a) is divided in the surgical procedure. _ 
a: Muscular retinaculum. b: Patellar ligament. 


(Redrawn from Gray’s Anatomy of the Human Body, Ed. 24, Fig. 345, p. 334. Philadelphia, Lea and 
Febiger, 1944.) 
greatest in the arc of the patellar ligament, and decreases as the radial center of this is 
approached (Fig. 5). 

In these spastic patients, the extensor action of the quadriceps is restricted by the 
fibrous and the muscular retinacula, attached to the sides of the patella and to the tibial 
condyles at points medial and lateral to the mid-line of the knee. This is due to the fact 
that these retinacula are more nearly normal in length than the patellar ligament, which 
has been stretched; thus the final extension pull is not exerted upon the tuberosity, but 
rather upon the medial and lateral aspects of the tibia, and complete extension cannot 
be produced. 

SURGICAL TECHNIQUE 

To accomplish the retinacular release, surgical division of these structures is per- 
formed. The hamstrings having been released, the patient is placed in the supine position 
with knees extended. An incision, three inches long, is made one-half inch lateral to the 
lateral patellar margin and parallel to it, beginning at the level of a point half-way between 
the distal end of the patella and the tibial tuberosity. The fascial retinaculum is dis- 
played and divided parallel to the patellar ligament and the patella, and then the incision 
is curved posteriorly to a point anterior to the femoral attachment of the fibular collateral 
ligament. As this is done, the illiotibial band is also cut. The next structure seen is the 
muscular retinaculum (attachment of the vastus lateralis), and this is divided in the same 
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} 
4 Knee extended, quadriceps force is limited 
. by less-stretched muscular « fascial retinacula 
wa Which are not placed for efficent function 
' and therefore actension is incomplete 
\ because of loss of transmission of 
quadriceps torce to the tibia by the 
stretched patellar ligament. 
1 Knee flexed, the stretching is 
greatest at patellar ligament de- 
creases as radial centeris ap- 
a proached \ 
2. Knee extended, structures near 
radial center are taut. Th 
patellar loament and adjacent 
=__— _ Structures are not taut. 








5. fascvaland muscular retinacula 
divided, remove restriction and 





allow quadriceps extensor force 
to be applied to tibia by patellar 
ligament. 
3. Structures rear radial center a.-patellar ligament 
which are less-stretched are fascial b.-muscular retinaculum 
retinaculum and lateraland medial c.- fascial “ 
Portions of muscular retinacula n-radial center 
Fic. 5 





Diagrammatic representation of patellar extension, restrictive structures. 


line as the fascial retinaculum (Fig. 6). After this has been performed, the capsule of the 
joint is visible, but it is not incised; therefore, the knee juint is not opened. 

The procedure is then carried out on the medial side of the knee through a three-inch 
incision, one-half inch medial and parallel to the patella and the patellar ligament; the in- 
cision is started at the same distal level as the lateral incision and proceeds proximally. 
The fascial retinaculum is divided in the line of the incision and then is curved posteriorly 
to a point at the level of the femoral attachment of the tibial collateral ligament. The next 
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Fig. 6 
The skin and tela subcutanea have been removed. Retinacular structures are divided surgically on 
the lateral aspect of the knee joint. Incisions must go down to the level of the anterior margin of the 
fibular collateral ligament. 
1: Fascial retinaculum. 
3: Capsule of joint. 


2: Muscular retinaculum. 
4: Fusion margin of musculofascial retinacula. 


structure seen is the muscular retinaculum, and this is divided in the same line as the 
fascial retinaculum. As before, the capsule of the joint is visible, but it is not opened 
(Fig. 7). 

The skin incisions are closed by silk sutures. One must remember that the fascial and 
muscular retinacula are fused, distal to the patella. The incisions in the retinacula are not 
sutured. If the surgeon wishes, he may curve the skin incisions posteriorly at the proximal 
ends. : 

When the anaesthetic has been discontinued, the muscle tone of the quadriceps 
physiologically causes tension on the patellar ligament, because the divided fascial and 
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Fic. 7 
The skin and tela subcutanea have been removed. Retinacular structures are divided surgically on 
the medial side of the knee joint. Incisions must go down to the level of the anterior margin of the tibial 
collateral ligament. 
1; Fascial retinaculum. 2: Muscular retinaculum. 3: Capsule of joint. 
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muscular retinacula separate at the line of surgical division, with slight proximal migra- 
tion of the patella. The muscle force of the quadriceps is now transmitted to the tibial 
tuberosity without being restricted by the retinacula, and complete extension of the knee 
joint by the quadriceps is possible. The slight relative change in the position of the patella 
is not important. As healing occurs, the retinacula unite in their new relationship and the 
previous stability is restored (Figs. 8-A, 8-B, and 8-C). 


RESULTS 


The advantages of this procedure are its simplicity, the short duration of healing time, 
early ambulation, and physiological shortening of the quadriceps. The method avoids 
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failure of fixation from the pulling out of screws or the breaking of sutures or wires; in addi- 
tion, damage to the tibial epiphysis is avoided, since the tibial tubercle is not disturbed, 

Evaluation of the patient’s ability to become ambulatory is necessary. One must re- 
member the limitations of the spastic individual in anticipating the result desired. 

During the period from 1937 through 1948, the retinacula release was performed in 
sixty-three selected cases, consisting of seven hemiplegics and fifty-six diplegics. Of the 
seven hemiplegics, four had satisfactory results and three did not. The diplegic group had 
forty-seven satisfactory results and seven unsatisfactory results; one complete failure oc- 
curred because the hamstring muscles were not released, and there was also one case of 
recurvature of the knees. In the case of recurvature, neurectomy of the branches of the 
gastrocnemius heads had previously been performed. We do not use this operation, pre- 
ferring the soleus neurectomy for tendo achillis tension, and this was an error in selection 
of the case. 

The hamstring release has varied from lengthening to transfer of the tendons to the 
condyles of the femur. The author has preferred transplantation of the tendons to the 
condyles of the femur, because of the favorable effect on extension of the hip and of the 
knee joint. This method has been used in all of the recent cases. 

The time of observation has varied from three months to ten years. The best period 
of evaluation after operation is probably about one year after release of the retinacula. 
The patients ranged in age from seven to seventeen years; a little more difficulty was ex- 
perienced in teaching those in the older age group maintenance of the corrected posture 
permitted by extension of the knee joints. 

Nore: The author wishes to express his appreciation to the Department of Anatomy, the Department of 
Medical Illustration, and Miss Estelle Greenwalt, University of Texas School of Medicine. 
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POTT’S PARAPLEGIA* 


BY GEORGE J. GARCEAU, M.D., AND THOMAS A. BRADY, M.D., INDIANAPOLIS, INDIANA 


From the Departments of Orthopaedic Surgery of the Indiana University School 
of Medicine and St. Vincent's Hospital, Indianapolis 


Prolonged rest, as the treatment of paraplegia complicating tuberculosis of the spine, 
has been axiomatic in the past. A review of the authors’ patients with Pott’s paraplegia 
appeared worthy of report. The pathological findings at operation and at three post- 
mortem examinations suggested that prolonged rest often had not been sufficient to 
effect the desirable end result. The late end results also were disappointing. This study is 
based upon an analysis of fifteen children and seventeen adults, suffering from this dis- 
tressing disability. 

Sorrel, Girdlestone, Seddon, and Butler have written excellent articles on the subject. 
Sorrel was the first to differentiate between early-onset and late-onset paraplegia, and 
complete and incomplete paralysis. 

For the purpose of discussion, the following descriptive terms are used: 

1. Paraplegia in extension indicates the minimal involvement of the corticospinal 
pathway, causing muscle spasticity with the lower limbs in extension. 

2. Paraplegia in flexion indicates more complete corticospinal involvement, resulting 
in severe muscle spasm with the lower limbs in flexion. 

3. Paraplegia with flaccidity indicates complete involvement of both motor and 
sensory pathways of the spinal cord. The muscles are flaccid because of loss of reflex 
activity. As the cord shock subsides, painful flexor spasms develop. 

4. The spine-tumor syndrome is so called because the neurological signs of paraplegia 
appear before there is roentgenographic evidence of tuberculosis of the vertebrae. This is 
arare condition; in this series, it was seen but once, with early tuberculosis of the spinous 
process. 


Causes of Paraplegia 

The symptoms of Pott’s paraplegia become apparent when there is interference with 
the conductivity of the spinal cord. This may be caused by the inflammatory process, 
resulting in oedema of the cord, pressure of granulation tissue, tension abscess, or tubercu- 
lous pachymeningitis. Microscopic evidence of pachymeningitis was found in two patients. 
Mechanical pressure from sequestra and pathological dislocation of the spine was also 
observed. In pathological dislocation of the spine, the stretching of the cord over a 
sequestrum of bone, over an intervertebral disc, or over the posterior portion of the body 
of the vertebra, can be demonstrated. The pressure is greater directly over the antero- 
lateral columns, so that motion is affected earlier than is sensation. 


Early-Onset Paraplegia 

In early-onset paraplegia, the signs appear early, usually during the first two years 
of the disease. The paralysis may appear even before the diagnosis of tuberculosis of the 
spine has been made. The palsy is usually more complete than in the late-onset type. 
The authors believe the symptoms are caused by inflammation, oedema, or abscess forma- 
tion. Therefore, rapid and complete recovery usually follows efficient recumbency treat- 
ment. Paraplegia of this type is common and requires no surgery for relief, unless, while 
under conservative treatment, it progresses, showing symptoms of the late-onset type. 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 25, 1949. 
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Late-Onset Paraplegia 

Late-onset’ paraplegia occurs from two to many years after the onset of the spine 
lesion. The disease process either has never been quiescent or reactivation has occurred. 
The paralysis is often incomplete, selective, and progressive. Girdle pains may be the first 
complaint, although loss of coordination in the lower extremities may be the initial 
symptom. The tendon reflexes are hyperactive. Loss of sensation appears late in the 
progress of the disease and may be patchy. Loss of sphincter control is a later development 
in the disease. The paralysis is evident with the extremities in extension. Rarely does this 
type progress to the so-called paraplegia in flexion. The slightest stimulation will cause 
the lower extremities to flex vigorously at the knees and hips, which may be attended with 
much pain. It may become difficult to hold down the lower extremities. Anaesthesia of the 
lower extremities is more diffuse, and loss of vibratory sense is apparent. The condition of 
the patient becomes rapidly worse, and there is danger of permanent paraplegia. The 
prognosis is then grave. Certainly surgical intervention should be contemplated before 
the paraplegia has progressed to this stage, especially if partial or complete spinal-fluid 
block has been demonstrated. 


Study of the Spinal Fluid 


The spinal fluid and its dynamics were studied in eight patients. In three of these, 
a manometric block was revealed; one patient had a partial block which was further sub- 
stantiated by normal spinal-fluid dynamics at the cisternal level. The highest spinal-fluid 
protein was 1251 milligrams per 100 cubic centimeters; the lowest was 233 milligrams per 
100 cubic centimeters. 


Sites of Spinal Lesions 

The sites of the lesions of the spine were all in the thoracic or thoracolumbar verte- 
brae, except in one child with tuberculosis of the cervical vertebrae. 

Of twenty-two patients treated by recumbency, eleven completely recovered, three 
partially recovered, three remained paraplegic, and five died. The longest time required 
for complete recovery was twelve months; the shortest period was two months. The signs 
of recovery usually appear within three or four months; if they do not appear within 
this time, a renewed effort should be made to determine if the indications for surgical 
intervention are present. 

PATHOLOGICAL FINDINGS 
Pathological Findings at Operation 

Laminectomy was performed upon seven patients. A tuberculous granuloma was 
found in four cases, and complete recovery followed. 

One patient, whose condition had been unimproved, had a large abscess drained. 
This patient also had a very thick dura. The surgery was done four years after the onset 
of the paralysis. In another, a large abscess and a sequestra were found. This patient died 
and, at autopsy, an area of compression of the cord was found at the site of a pathological 
dislocation of the spine. 

Pachymeningitis was demonstrated in one case at laminectomy. In no case did the 
authors fail to demonstrate a cause for the paralysis. 

Costotransversectomy was performed upon four patients, with complete recovery in 
three instances. The fourth patient died seven months after the operation, in a state of 
partial recovery, although no cause for the paralysis had been found. Abscesses were 
found in three cases. 


Pathological Findings at Postmortem Examination 


Careful postmortem examinations and studies were made of three patients who died 
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in a paraplegic state. Eleven patients who 
had been subjected to surgical exploration 
were also observed. The pathological find- 
ings and observations indicated that 
paraplegia may be attributed to two 
factors, mechanical and inflammatory. 

The mechanical factors are (1) en- 
croachment on the cord by tuberculous 
tissue; (2) direct local pressure by a para- 
vertebral abscess; (3) pressure from a 
sequestrum ; and (4) pathological fracture- 
dislocation at the kyphos. 

The indammatory causes may be (1) 
toxic; (2) vascular reaction, secondary to 
the disease; and (3) pachymeningitis. 

Figure 1-A shows, in a gross speci- 
men, an area of local pressure on the spinal 
cord, caused by an extruded sequestrum. 
Vertebral-body collapse with anterior 
angulation of 15 to 20 degrees is noted. 
There is also evidence of growth of tuber- 
culous granulation tissue into the verte- 
bral canal and its impingement upon the 
dura and the spinal cord. Microscopic 
section of the dura at this level reveals : 
invasion by the tuberculous granulation ve 
; le 4 : Case 1. Gross specimen shows pressure by a seques- 
tissue, which indicates the existence of trum and growth of granulation tissue into the verte- 
local pachymeningitis. The authors agree _ bral canal. 
with Seddon and Butler that the dura 
acts as a barrier, by hyperplasia, but the authors believe that pachymeningitis may and 
does occur. Pachymeningitis was seen in two patients, and was proved by microscopic 
sections in both instances. The cord section of Figure 1-A reveals vacuolization and fenes- 
tration, with gitter-cell formation in the thoracolateral columns of the cord,—a patho- 
logical process indicative of cord softening. The pathological cause of the paraplegia may 
be pressure from a sequestrum, and tuberculous granulation tissue infiltrating the dural 





covering of the spinal cord. 

Another gross specimen (Fig. 2-A) reveals typical vertebral destruction. The pos- 
terior portion of the spine is the site of a previous laminectomy, at the lower margin 
of which is a definite encroachment on the spinal canal, causing marked diminution in the 
«aliber. The microscopic sections of the spinal cord (Fig. 2-C) at the level of the constric- 
tion reveal a compression myelitis. No distinction is evident between the gray and white 
matter. High-power fields reveal numerous astrocytes and gitter cells. The proliferation 
of astrocytes is due to marked myelin destruction, and the gitter-cell accumulation is 
due to phagocytosis of cellular debris. There is no abnormality of the cord or dura at the 
apex of the kyphos. A sequestrum, which was believed to be causing the pressure, had 
been removed at laminectomy. Had the laminectomy been continued caudally, more 
complete relief of pressure would have been obtained. The cause of the paraplegia in this 
patient is believed to have been purely mechanical. 

Figure 3-A, a gross specimen, is an example of typical vertebral-body involvement. 
The destruction is not so advanced as in the previous specimen. The spinal canal is 
smooth throughout. The only pathological finding in the sections of the cord and its 
coverings was an adherent piarachnoid. The cause of the paraplegia may be assumed to be 
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Fic. 1-B 
A section of the dura, showing tuberculous pachymeningitis (X 8.3). 











Fia. 1-C 
A section of the cord, with softening, gitter-cell formation, vacuolization, and fenestration (X 500). 
inflammatory in type, probably an oedema of the cord covering. As the inflammatory 
reaction subsided, the adhesions were the only residuum. The patient died of tuberculous 
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Fic. 2-C 
Compression myelitis resulting in loss of distinction between gray and white matter in the spinal 
cord (X 8.3). 


pericarditis six weeks after spine fusion, but eighteen months after complete recovery 
from his paraplegia. 


INDICATIONS FOR SURGERY 


When conservative treatment of three or four months’ duration fails to give signs of 
beginning recovery, surgical indications should be sought and the route to follow should 
be determined. Spinal-fluid block may be the deciding factor. 

Laminectomy is indicated in tuberculosis of the vertebral appendages and when there 
is minimal evidence of a tension abscess or of bone pressure. It may also be indicated fol- 
lowing a non-productive costotransversectomy. A tuberculous vertebral appendage, a 
granuloma, or a caseous abscess within the spinal canal is easily exposed and removed. 
The authors have recently observed two patients with tuberculosis of the vertebral 
appendages, who have made rapid recovery following laminectomy. 

Costotransversectomy is indicated when there is evidence of a tension abscess or a 
sequestrum. The abscess is drained away from, rather than around, the spinal cord. 

If the spine has not been fused previously, fusion may be done at operation or after- 
ward. Eleven of the thirty-two patients had had spine-fusion operations previous to the 
onset of the paraplegia. 


SUMMARY 


From a prolonged and careful study of the smal! series here reported, it is evident 
that Pott’s paraplegia can be simply classified as early-onset and late-onset types. The 
changes which occur in the two types need not necessarily change the classification of a 
given case, but a case of early-onset type may become like one of late-onset type. 

The prognosis is always considered grave, until signs of recovery appear during 
recumbency treatment, 
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Patients with Pott’s paraplegia should not be allowed to remain in a paraplegic 
state indefinitely. Studies of the dynamics of the spinal fluid and other studies should 
be made to determine whether surgery is indicated. 




















Fig, 2-D 
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Fig. 2-h 
Astrocyte proliferation due to myelin destruction (X 667). 
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Of six patients operated upon less than nine months after the onset of the paraplegia, 
five completely recovered and one died. 

Of four patients operated upon one or more years after the onset of the paraplegia, 
two died, one completely recovered, and one is unimproved. Patients operated upon fairly 
early, in whom conservative treatment had failed, recovered more rapidly and com- 
pletely than those operated upon later. Of twenty-two patients treated by recumbency, 
eleven completely recovered; three were unimproved; three recovered partially; and 
five died. 

No ill-effects or deaths can be attributed to the two surgical procedures employed. 


Nore: The authors wish to express their sincere thanks to A. C. Michael, M.D., of the Department of 
Pathology, Indiana University School of Medicine. 
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DISCUSSION 


Dr. MATHER CLEVELAND, New York, N. Y.: Percival Pott presented, in 1779, his “Remarks on That 
Kind of Palsy of the Lower Limbs, Which Is Frequently Found to Accompany a Curvature of the Spine, 
and Is Supposed to Be Caused by It. Together With Its Method of 
Cure” (In Miscellanea Medica, V, London, 1779). He stated that this 
paralysis attacked both sexes and all ages, adding: “This in an infant is 
melancholy to see, in an adult most miserable to endure”. He denied 
that the curvature of the spine exerted any influence on the palsy, stating 
categorically that an abscess was responsible and that its drainage usually 
brought relief from the symptoms. He cited a passage from Hippocrates 
in which this ancient physician described paralyses of the lower limbs 
cured by an abscess in the back or loins. 

Pott did not wait for spontaneous drainage of the abscess to occur. 
He performed surgical drainage by means of cauterization and setons 
(retained foreign bodies of silk thread). The cause of this distressing 
complication of tuberculosis of the spine, and measures to relieve it, 
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Fig. B has been reproduced, by permission, from American Review of Tuberculosis. 
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were clearly presented almost two centuries ago. In ending his essay, Pott stated: “what I have affirmed, 
is what I have seen and proved, and that the objections are merely speculative and theoretical ”’. 

Our experience with paraplegia complicating tuberculosis of the spine at Sea View and St. Luke’s 
Hospitals extends over a period of twenty-two years. A study of 203 cases of tuberculosis of the spine treated 
surgically at those Hospitals was reported in 1940. Symptoms of compression of the spinal cord were noted 
in forty-eight patients, an incidence of 23.5 per cent. Seventeen of these had slight transitory spasticity of the 
lower extremities, from which they recovered uneventfully with continued bed rest. Of thirty-one patients 
who had complete paraplegia, the complication developed in thirteen prior to spine fusion, and in eighteen 
the symptoms appeared after operation. The mortality rate among these paraplegics, due to tuberculosis of 
the spine, was 42 per cent. Of the eighteen survivors, all but one recovered motor power, and the disease 
was arrested. We still feel that a successful surgical fusion of the spine and prolonged bed rest offer the best 
means of relieving this serious complication. 

Laminectomy was performed on a number of patients prior to 1930, with dramatic relief in one or two 
instances. This procedure has seemed rather futile to us, for the most part, because it fails to relieve the 
pressure on the ventral and lateral surfaces of the spinal cord which is usually exerted by the abscess. 
Laminectomy renders difficult the surgical stabilization of the diseased spine which is so essential to the 
ultimate arrest of the process. 

Two pathological specimens of paraplegia in tuberculosis of the spine have been selected: 

Figure A shows a spine with collapse of two mid-thoracic vertebrae; an abscess filled with debris is 
impinging upon the spinal cord. This patient had a laminectomy following fusion of the spine without relief 
of his symptoms; he died within a few months. This occurred a good many years ago. Anterior decompression 
of the abscess, which was not practised at that time, might have helped materially. 

Figure B shows a patient who had complete paraplegia; efforts to locate the site of the disease by roent- 
genograms were unsuccessful. The entire spine is invaded without collapse of a vertebra and with no thin 
joint space. The abscess surrounded and impinged upon a large segment of the spinal cord. Decompression 
could only have been accomplished by drainage of this mediastinal abscess. 

I am in full agreement with Dr. Garceau and Dr. Brady that these paraplegics should not be allowed to 
remain paralyzed indefinitely, if means can be devised to help them. Drainage of a psoas, lumbar, or medi- 
astinal abscess by aspiration or incision should be performed to relieve spinal-cord pressure. By the use of 
streptomycin as an adjuvant, probably a good many of these abscesses may be incised and drained, with 
perhaps immediate closure of the wound. 

Anterior decompression in disease of the thoracic spine, to relieve the pressure of an abscess and bone 
detritus, or both, should be preceded by spine fusion. The experience at Sea View Hospital with this procedure 
has been limited, and it has, for the most part, been performed in cases of long duration. 

Of five patients subjected to anterior decompression, four recovered approximately 50 per cent. of their 
motor power and one died of tuberculosis of the meninges. If this type of operation is to help, it should be 
employed much earlier, as Dr. Garceau and Dr. Brady have suggested. 

I would like to congratulate the authors for re-emphasizing and reaffirming certain known facts regard- 
ing this alarming complication of tuberculosis of the spine. 


Dr. J. Hiram Krre, ATLANTA, Georata: I wish to thank Dr. Garceau and Dr. Brady for bringing to us 
an old and familiar subject in a program containing so many new topics. I would like to question the ad- 
visability of using the title “Pott’s Paraplegia”. As Dr. Cleveland has said, it was in 1779 that Pott first 
described this condition. Pott didn’t know what caused tuberculosis of the spine. It was 100 years before the 
tubercle bacillus was isolated, but during that century the doctors referred to the syndrome as “ Pott’s 
Paraplegia’’. Now that the diagnosis has been accurately established, it seems wiser to use a descriptive 
term, instead of a man’s name, and to call it “tuberculosis of the spine with paraplegia’’. 

As Dr. Cleveland has said, Pott kept sores on these patients’ backs by running a seton under the skin, by 
repeated incisions, or by caustics. He thought he was draining off the inflammation; however, since the 
sore was on the back, the patient had to stay in bed on the abdomen, and it was the bed rest which helped 
the inflammation. What is good for patients with tuberculosis of the spine is also good for patients with 
paraplegia. Dr. Ridlon, in 1916, called attention to the fact that Pott was not the first to describe this con- 
dition. Jean Pierre David had given a better description of it a year before. 

In a comparison * of eighty-nine children with tuberculosis of the spine without paraplegia, and twenty 
cases of spinal tuberculosis with paraplegia, the patients in whom paraplegia might develop may be selected 
from the group. We have found that the area most often involved in the non-paralytic group was from the 
ninth thoracic to the second lumbar vertebra. In the paralytic group, the areas most frequently involved 
were from the fifth to the ninth thoracic vertebra. Anatomists tell us that the spinal canal is smallest at this 
level; therefore, the products of inflammation would cause the maximum pressure on the cord at this level. 

From this study, we note that, in the non-paralyzed group, the average number of vertebrae involved 

(Continued on page 102) 


* Table 2 in Tuberculosis of the Spine with Paraplegia. Southern Med. J., 29: 883-891, 1936. 
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INTERVERTEBRAL-DISC LESIONS IN CHILDREN AND ADOLESCENTS 


BY J. ALBERT KEY, M.D., ST. LOUIS, MISSOURI 
From the Department of Surgery, Washington University, St. Louis 


In spite of the fact that low-back pain, with or without sciatica, is a frequent com- 
plaint and cause of disability in adults, this condition is rarely encountered in children or 
adolescents. When pain in the low back is encountered in a child or adolescent, one expects 
to find roentgenographic evidence of disease, especially tuberculosis, neoplasm, or epi- 
physitis. 

In adults, on the other hand, the low-back pain and sciatica are, in the great majority 
of instances, idiopathic. By idiopathic we mean that the symptoms arise in the low back 
and are not caused by a specific disease, such as tuberculosis or a neoplasm. For reasons 
which have been given elsewhere **, it is believed that, in nearly all of these patients with 
idiopathic low-back pain, the symptoms are caused by lesions of the intervertebral discs 
in the lumbosacral region (third, fourth, and fifth lumbar dises). The author believes that, 
in most cases of idiopathic low-back pain in children and adolescents, the symptoms are 
‘aused by intervertebral-disc lesions. 

However, the fact that intervertebral-disc protrusions may occur in children and 
cause symptoms is not generally recognized. Of the hundreds of papers which have been 
written on intervertebral discs, only one has been found in which a protruding interverte- 
bral dise in a child was described °. This is largely because what is now recognized as the 
typical lumbosacral-dise syndrome is rare in children and adolescents. That it may occur 
is evidenced by the report by Wahren of a case in a girl, twelve years of age. 

Pain developed in this patient’s back after she had been standing on her hands, with 
her back arched and her feet against the wall. The pain gradually became worse and ex- 
tended down the right sciatic distribution to the heel. It was increased by: coughing, 
sneezing, or activity, and was relieved by rest in bed. When examined, the patient was 
unable to walk upright. There was spasm of the lumbar muscles and a list to the left. The 
Laségue sign was positive with the lower extremities elevated 10 degrees bilaterally. The 
ankle jerk was absent on the right. Sensation was normal. Roentgenograms and lumbar 
puncture revealed nothing abnormal. 

There was no improvement after rest in bed for one month. At operation, a pea-sized 
protrusion of the fifth lumbar dise was found beneath the first sacral nerve. When incised, 
the contents of this nodule were found to be under pressure and somewhat more mucous 
than is usual in dise protrusions. The patient was relieved of pain by the operation. 

That such patients have been seen by others is evidenced by the report of Love on 
1,217 patients operated upon for ruptured intervertebral dises at the Mayo Clinic in a 
three-year period. In his series, twenty-five or 2.1 per cent. of the patients were between 
the ages of ten and nineteen years. 

The author has operated upon four patients of this type,—a girl twelve years of age, a 
girl fourteen years of age, and two boys eighteen years of age. All were severely disabled 
with low-back pain and sciatica and presented the typical dise syndrome, which included 
limitation of movement in the low back, pain on deep pressure over the pathological disc, 
and tenderness of the sciatic nerve or of some of its branches, in addition to the findings 
mentioned by Wahren. None of these patients had obtained relief by conservative treat- 
ment which, in three cases, had included rest in bed for a month or more. The fourth 
patient was operated upon about two weeks after the onset of symptoms, because it had 
not been possible to relieve the severe pain by conservative treatment, including rest in 
bed and manipulation. 
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All of these patients were operated upon without pre!iminary myelography. In each, 
a large, bulging fifth-lumbar dise was found beneath the first-sacral root. When this dome- 
like swelling was incised, some grayish-white gelatinous material exuded into the spinal 
‘anal. Similar material was removed from the interior of the disc. This material resembled 
the substance of the normal nucleus pulposus. There were no sequestra, and the only 
pathological change noted was the thinning and bulging of the posterior wall of the 
annulus fibrosus on the affected side. 

Since one of these patients was first seen at the age of fourteen years and was operated 
upon four years later, the case will be reported in detail. 


Case Report 

A muscular boy, fourteen years of age, complained of pain in the low back and right lower extremity. 
The pain began after he had taken part in a weight-lifting contest, and was localized in the low back. He 
had had several osteopathic treatments with temporary relief, in the beginning of his illness; but the allevia- 
tion rarely lasted more than a few days, and later treatments had failed to relieve the pain even temporarily. 
The pain became more severe and gradually extended down the back of the right thigh and leg. 

When the boy was first seen by the author, the pain in the low back was quite severe and was aggravated 
by coughing, sneezing, straining at the stool, prolonged standing, or physical activity. The patient stated 
that he was unable to walk more than 100 yards without stopping to rest, and that he usually squatted 
down to lessen the pain. The pain was relieved by lying down and did not keep him awake at night. There 
had been no numbness, tingling, or weakness of the leg. At the time of the first examination, he was not 
having any leg pain. 

On physical examination, the patient was a strong, healthy-appearing boy. He walked with a peculiar gait 
in that the spine was relatively stiff, and he swayed backward from the hips as either the right or left foot was 
thrust forward and the knee was straightened. As he stood, his back was relatively flat with moderate muscle 
spasm; forward flexion of the spine was markedly limited and was accompanied by pain in the low back. 
Other movements of the back were fairly free and were not accompanied by pain. With the patient recum- 
bent, straight-leg raising was limited to about 20 degrees bilaterally and was accompanied by pain in the 
lumbosacral region. With the knee flexed, movements of the hips were free and painless. On deep palpation, 
there was moderate localized tenderness over the lumbosacral disc (between the spines of the fifth lumbar 
and first sacral vertebra). Knee jerks and ankle jerks were normal, and no sensory disturbance was noted. 
Roentgenograms of the lumbosacral spine disclosed nothing abnormal. 

The patient was forbidden to engage in athletics and was put on a regimen of relative rest; he was ad- 
vised to sleep with a fracture board underneath the mattress, and was given a wide lumbosacral belt for 
support and in order to limit movement in the low back. As his symptoms subsided, he was given exercises to 
strengthen his abdominal and back muscles; and after several months he was able to resume athletics. 

He got along well for four years. Then, while engaged in a wrestling bout with another student, severe 
pain developed in the low back. This pain, which quickly extended down the back of the right leg, was 
excruciating in character and was not relieved by rest in bed. After the patient had spent several days in bed 
and had endured sleepless nights, he was brought to the Hospital. As we were not successful in relieving his 
pain by conservative measures, he was operated upon and the vertebral canal in the lumbosacral region was 
explored. A large protrusion of the fifth lumbar dise was found on the right side, beneath the root of the 
first sacral nerve. When the swelling was incised, some grayish-white gelatinous material exuded; more was 
removed from the dise cavity. 

The pain was relieved promptly; the patient left the Hospital on the eighth postoperative day and re- 
sumed his class work about a week later. Recovery was complete and he resumed athletics gradually; to 
date (six years later) there has been no recurrence of the pain. 

This case is described in detail because it convinced the author that many of the 
children and adolescents from eight to eighteen years of age (of whom we see six or more a 
year on account of low-back pain, sciatic pain, or both, and disability) are suffering from 
lesions of one or possibly more intervertebral discs in the lumbosacral region. During the 
period of observation, this patient’s symptoms varied greatly while the disc lesion was 
‘ausing trouble, and his physical findings varied from those of a boy who presented nothing 
abnormal except slight localized tenderness over the lumbosacral dise to one who presented 
a typical severe acute dise syndrome. 


CLINICAL FINDINGS 
While children and adolescents may present a fairly typical dise syndrome with 
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symptoms which are sufficiently severe and intractable to warrant operative treatment, 
this is the exception and not the rule. (In a series of over forty such cases, only four pa- 
tients have been operated upon.) In the majority of instances, the symptoms are inter- 
mittent and relatively mild, and the parent is more alarmed than the patient. The pain may 
have subsided by the time the patient reaches the doctor’s office, and it may be difficult to 
obtain a history of pain and disability in the low back. This is especially true if the patient 
is anxious to engage in competitive athletics. 

The patient may be referred because of pain, a limp, ease of fatigue, difficulty in 
sleeping, or trouble in stooping. If he is on an athletic team, it is not unusual to find that he 
has been treated with local heat and massage or has been referred to an osteopath or 
chiropractor by his coach or trainer. The physical signs may be more marked than are the 
complaints (just the opposite of what one usually finds in adults with similar lesions). 

These disc lesions seem to occur more frequently in boys than in girls, and may or may 
not follow a specific injury. In some cases, the symptoms begin gradually in boys or girls 
who are engaged in competitive athletics. The pain may be unilateral or in the mid-line 
and, in severe cases, may extend into the buttock, thigh, or leg. Rarely is it aggravated by 
coughing, sneezing, or straining at stool. Usually it is worse in the evening; it is aggravated 
by activity (especially stooping, lifting, or prolonged standing) and relieved by rest in bed. 
None of the author’s patients have complained of numbness, paraesthesia, or muscle 
weakness. 

The three positive physical findings most frequently encountered are: 

1. Pain on deep pressure over the fifth lumbar dise,—between the spines of the fifth 
lumbar and first sacral vertebrae. (The author has not diagnosed a lesion of either the 
fourth or third lumbar disc in children or adolescents.) In a mild case, this localized tender- 
ness may be the only abnormal finding at physical examination; but, with a satisfactory 
history and a negative roentgenogram, it is believed that this is sufficient to warrant a 
tentative diagnosis of an intervertebral-disc lesion in this area. In a patient who is recov- 
ering as a result of conservative treatment, this lumbosacral tenderness is the last sign to 
disappear. ‘ 

2. Limitation of straight-leg raising on one or both sides. This may be present in pa- 
tients who have not had sciatic pain, and the limitation may or may not be accompanied 
by pain in the low back or lower extremity at the limits of movement. The limitation may. 
be slight or marked, and tends to disappear as the patient improves. It may be present in 
patients who are able to bend forward freely and without pain, while standing with the 
knees straight. 

3. Pain and limitation of movement in the low back. This, too, varies with the se- 
verity of the symptoms. Jn some instances, the lumbar spine is flattened or even fixed in 
slight flexion by muscle spasm, all movements of the low back are markedly limited, and 
the patient may be unable to stand erect. In others, all movements are free and painless. 
Various gradations between the two extremes may be encountered in a series of patients, 
or in the same patient at different times. A common finding in a mild chronic case is that 
the patient is able to bend forward without difficulty, but has pain when straightening up. 

In the more severe cases with sciatic radiation, pain may be elicited by pressure over 
the superior gluteal, sciatic, popliteal, or posterior tibial nerves, and the ankle jerk on the 
affected side may be diminished or absent. Sensory disturbances, muscle atrophy, and 
weakness have not been noted in this group of patients. When there is marked limitation 
of straight-leg raising and forward bending, the patient may have a peculiar stalking gait 
with the lumbar spine flattened; the lumbar spine is bent backward with the pelvis as the 
patient steps forward and straightens the knee. This condition may be present in patients 
who have no pain while walking. 

The roentgenograms of the lumbar spine reveal nothing abnormal unless congenital 
anomalies are present, and these are not believed to be factors in the production of low- 
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back pain or sciatic pain. However, roentgenograms should be taken in order to rule out 
destructive disease (tuberculosis or neoplasms) or spondylolisthesis. The routine laboratory 
examinations show nothing abnormal. Lumbar punctures and spinograms have not been 
done on any of the author’s patients who were under the age of nineteen years. 

In the four patients whom we have operated upon, the fifth lumbar dise was involved. 
The lesion was not a rupture with extrusion of a sequestrum, but was a rather soft, elastic, 
domelike bulging of the annulus into the spinal canal. It has been our experience that, in 
adults, this type of lesion of the fifth lumbar disc often fails to show abnormalities in the 
myelogram. Consequently, we would not consider a negative myelogram as very impor- 
tant evidence that the patient was not suffering from an intervertebral-disc lesion. 


PATHOLOGICAL FINDINGS 


As far as we have been able to determine, the pathological findings of these disc lesions 
in children are different from those usually seen in adults. In the four patients operated 
upon, the annulus was intact, but presented a well-marked, domelike swelling which was 
elastic and fairly soft. When this was incised, semi-fluid grumous material exuded into the 
spinal canal. This was more liquid than is the usual nucleus pulposus material in adults. 
More of the same material was removed with a curette. In none of these cases were 
there any sequestra, or partially free masses of living or necrotic cartilage or fibrous 
tissue. 

The microscopic examination of the material revealed normal intervertebral-disc tis- 
sue in three cases and this, plus some degenerating cartilage, in one case. These findings of 
the pathologist are what one would expect from the appearance of the material removed 
at operation. 


PROGNOSIS 


The prognosis varies with the severity of the symptoms and is usually good because, in 
most instances, the symptoms are relatively mild; the patients recover after conservative 
treatment and are able to resume their normal activities. It is unusual for one of these 
patients to have to stop school, even for a short time, on account of the back pain, as bed 
rest is rarely necessary. In the author’s experience, patients whose symptoms have been so 
severe that they required prolonged bed rest have not been relieved except by operation. 
This has occurred in only about 10 per cent. of the patients with juvenile disc lesions whom 
we have seen, and in these four the symptoms were relieved by the operation. 

From our observations, it seems probable that the thin mucoid material of the nucleus 
pulposus may become inspissated, permitting the disc to shrink, and thus the protrusion 
into the vertebral canal is lessened. It is also probable that the posterior portion of the an- 
nulus remains permanently thin and a point of lessened resistance; it may give way later 
and cause symptoms in adult life. On the other hand, it is possible that some of the nar- 
rowed dises, seen in adults who give no history of preceding low-back pain or sciatica, may 
be inspissated discs which were injured during childhood or adolescence. At any rate, the 
great majority of the disc lesions which occur in early life heal, either spontaneously or 
after conservative treatment, to a point where they no longer cause symptoms. 


TREATMENT 


As has been noted!, the conservative treatment of intervertebral-dise lesions in 
adults varies with the severity of the symptoms. Theoretically, the ideal treatment would 
be to reduce the internal pressure in the bulging disc by putting the patient to bed and 
applying traction. Fortunately, this is not necessary in the average case and, in the au- 
thor’s experience, it does not promote cure in the severe cases. Consequently, most of these 
young people are treated on an ambulatory basis, and they are permitted to attend school. 
The treatment may be considered under the following seven headings: 
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1. Rest: The patient is placed on a regimen of relative rest, and is directed to avoid 
straining his back or even movements which aggravate the pain. Competitive athletics 
are forbidden, and he is excused from his gymnasium classes. 

2. Support: A suitable support for the low back is prescribed in most instances. It 
not only protects the back from strain and lessens the pain, but it reminds the patient that 
his back is not normal and that it should not be subjected to any unnecessary exertion. 
The boys are fitted with a wide lumbosacral belt which extends from the lower three ribs 
to the trochanters. It is made of heavy canvas, its solid back is reinforced with stays, and 
it can be strapped or laced tightly and molded to the torso. 

The girls are fitted with a laced girdle or corset, about as large as the lumbosacral 
belt, but made of lighter material. It is reinforced with stays in the back; the back should 
be solid and the iaces should be placed in front or at one or both sides. This is not an 
elastic girdle, but one which gives a good deal of support to the back. It should be worn 
until the symptoms have subsided and the lumbosacral tenderness has disappeared, which 
may be several months. 

If the patient is having considerable pain when first examined and no removable 
support is immediately available, the back may be strapped with adhesive, applied 
crosswise from one mid-axillary line to the other. The patient lies prone with a pillow 
under the abdomen; the shingle strapping is started at the level of the trochanters and is 
extended upward to grasp the lower three ribs. 

3. A Firm, Level Bed: Even though the patient is comfortable in bed at night, he is 
directed to sleep on a firm mattress with a fracture board between the spring and the 
mattress. 

4. Postural Exercises: After the limitation of straight-leg raising and of forward 
bending, and the local tenderness on deep pressure have disappeared, the patient is given 
postural exercises in order to strengthen the muscles of the abdomen and back. 

5. Manipulation: Occasionally, the back is manipulated gently. The patient lies on 
the less painful side, facing the surgeon, with the painful limb hanging over the edge of the 
table. The surgeon grasps the patient’s shoulder with one hand and pushes it backward 
and upward while, with the other hand or with the forearm, he suddenly pushes the ilium 
downward and forward, the dependent extremity aiding in this manoeuvre. The patient 
should be relaxed during this procedure. The manipulation may produce an audible crunch 
which may startle the patient, but rarely causes much pain. He should be warned of this 
before the manipulation is begun. 

As stated previously, not much force is used and the manipulation is not repeated 
often. The author has removed ruptured intervertebral dises from a considerable number 
of adult patients who had had manipulations by osteopaths or chiropractors. In some of 
these patients the manipulative treatment had at first resulted in temporary relief, but 
the symptoms had recurred with increased severity; in others, relatively mild symptoms 
became so severe after the manipulation that operation was indicated for relief. 

In young people, disc lesions do not seem to be the result of degeneration, and there is 
no displaced sequestrum which can be reduced with relief of symptoms. Consequently, 
manipulation would not be expected to be a very effective form of treatment in young 
people, and this has been the author’s experience. Time and relative rest are the impor- 
tant factors in the healing of dise lesions in the young, just as in adults. 

6. Medication: Little medicine is used. Occasionally, acetylsalicylic acid or codeine is 
given for pain, when this seems indicated. Vitamin B in relatively large doses is given to 
all patients with chronic low-back pain, because it seems to give them a feeling of well- 
being. 

7. Operation: In about 10 per cent. of the cases, the symptoms are severe and dis- 
abling and do not yield to conservative treatment. These patients should be operated 
upon and the offending disc should be removed. 
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SUMMARY 


Lesions of the lumbar intervertebral discs may occur in older children and in adoles- 
cents; the clinical picture differs from that usually seen in adults. If one admits that the 
patients with relatively mild symptoms are suffering from intervertebral-disc lesions, then 
the condition is common in early life, but it is rarely diagnosed. The typical disc syndrome 
may also occur in early life, but is rare. The prognosis is good, and nearly all of the patients 
recover as a result of conservative treatment. 
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DISCUSSION 
Port’s PARAPLEGIA 
(Continued from page 96) 


was 4.8; while, in the paralyzed group, the disease was more extensive and it involved 7.5 vertebrae. Therefore, 
patients with involvement of the mid-thoracic region are more likely to have paralysis; the more extensive 
the lesion, the greater the chance for paralysis. 

From a study of these cases, it is evident that the paralysis is not caused by stretching of the cord over 
a sharp angle of bone, because many of the non-paralyzed patients showed a greater kyphos than did those 
who were paralyzed. The paralysis in the early cases seems to be caused by the pressure from the products of 
inflammation. Therefore, when the tuberculosis subsides with rest and other treatment, the pressure becomes 
less and the patient regains the use of his lower extremities. 

Only three of the twenty patients were treated by laminectomy. In these, five and eight months, 
respectively, were required for the paralysis to clear. One showed no improvement. In the seventeen treated 
without operation, inflammation subsided in 3.8 months on the average. 

Fifteen patients, whose paralysis developed early in the course of the tuberculous disease, made a 
complete recovery. In these cases, the paralysis occurred within the first year of the tuberculosis; it is 
believed that it was due to external pressure on the cord. Those patients whose paralysis developed five years 
or more after the onset of the tuberculosis did not improve; the cord was probably damaged by invasion of 
tuberculosis. 

I agree with the teachings of Hibbs and others that early spine fusion is the best treatment for tubercu- 
losis of the spine. Some years ago, I reported fifty cases treated by fusion and compared these with fifty 
treated without fusion. Every patient who had had adequate fusion had a good result. Since early fusion is 
now being, done in tuberculous spines, we are not seeing the complication of paraplegia. I have not had a 
patient with paralysis in the last ten years. Prevention of paraplegia by early spine fusion is the treatment 
of choice. 


Dr. George J. Garceav (closing): Dr. Cleveland and Dr. Kite have stated that early spine-fusion 
operation and rest will prevent paraplegia. Almost all of our patients had been treated by bed rest for a 
long period. Eleven of the thirty-two patients had had spine-fusion operations before the onset of tie para- 
plegia. In only one of these patients was an unsound fusion found at the time of operation for relief of the 
paraplegia. Dr. Cleveland has just said that eighteen of thirty-one patients in his series also had had spine- 
fusion operations prior to the onset of the paraplegia. His experience is comparable to ours. 

Dr. Kite stated: “. . . the paralysis is not caused by stretching of the cord over a sharp angle of bone”’. 
This is rarely observed, but it does occur over a sequestrum and in pathological dislocation of the spine, as 
seen in Figures 1-A and 2-A of our paper. 

I would like to paraphrase Dr. Cleveland’s quotation from Percival Pott’s paper: What we have affirmed 
is what we have seen and what we believe we have proved, and the objections are merely speculative and 
theoretical. 
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STREPTOMYCIN IN TUBERCULOUS BONE AND JOINT LESIONS 
WITH MIXED INFECTION AND SINUSES * 


BY DAVID M. BOSWORTH, M.D., A. DELLA PIETRA, M.D., AND 
RICHARD F. FARRELL, M.D., NEW YORK, N. Y. 


From St. Luke’s and Sea View Hospitals, and the House of St. Giles the Cripple, New York City 


This clinical study has no relationship to the bacteriological investigation of strep- 
tomycin, the experimental study of its action, or the abstruse problems associated with its 
discovery and development, by means of animal experimentation, until its final use on the 
human. Since patients with bone or joint tuberculosis in whom sinuses have developed 
represent the greatest test for any form of treatment, and since the continuance or closure 
of a sinus is a clinical factor that can be ascertained with certainty, the primary part of this 
report is limited to such cases. 


Patients With Sinuses 

The series to be reported includes ninety-five patients who had bone or joint tubercu- 
lous lesions with mixed infection and sinuses. These patients had thirty-nine additional 
bone or joint foci without sinuses. The ninety-five patients had 107 separate foci with 
sinuses, several of them having more than one tuberculous lesion of the bones and joints 
with mixed infection. There were 172 separate sinus tracts, and these had innumerable 
openings to the surface. 

All records were carefully analyzed statistically. No essential change in response to 
treatment with streptomycin could be attributed to race, color, sex, or occupation. Age 
apparently did not affect the speed of healing of sinuses in children; they did, however, 
tolerate the drug better than adults. No complications occurred among the children, 
except that one patient who had meningitis became deaf. However, loss of auditory fune- 
tion may result from meningitis, regardless of treatment. 

Lesions with sinuses were located as follows: fifty-three in the spine; ten each in 
the hip and knee; seven in the sacro-iliac joint; four each in the wrist, elbow, sternum, 
and costal cartilage; three in the rib; three in the clavicle; and one each in the scapula, 
mandible, metatarsal, metacarpal, and trochanteric bursa. In the main, the location of the 
primary tuberculous orthopaedic focus had no relationship to healing or to action of the 
drug. There was one exception to this,—namely, the sacro-iliac joint. Of the seven sacro- 
iliac lesions, three healed, three did not heal, and one patient died of meningitis while the 
local lesion was healing rapidly. The observation has been made at Sea View Hospital for 
many years that sacro-iliac tuberculous lesions were potentially more serious than similar 
infections in other bones or joints. 


Bacteriological Findings 

The ninety-five patients studied all had proved tuberculous organisms in their lesions. 
No effort was made to determine whether the organism was human or bovine, or whether 
it was resistant to streptomycin. It soon became apparent that the type of mixed-infection 
organism or secondary invader was not important as regards the reaction to the drug. 
The secondary invaders included Escherichia coli, Staphylococcus albus, Staphylococcus 
aureus, streptococci, gram-negative bacilli, and diphtheroids. Anaerobic organisms were not 
cultured. No specific type of bacteria in the healed or unhealed series was found in greater 
incidence than any other organism. 


*Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 25, 1949. 
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In only one patient to date has the sinus reopened. This patient’s original mixed- 
infection organism was a diphtheroid, but the reopened sinus was sterile to culture. In this 
‘ase elbow resection was done, followed by primary healing. The wound has remained 
healed. 

Penicillin had been used in many of these cases before streptomycin was available. 
Tubercle bacilli could routinely be cultured following the use of penicillin alone. Almost 
immediately after the institution of streptomycin therapy (within a period as short as 
three days), acid-fast organisms usually were unobtainable by culture. In one case, how- 
ever, they persisted for ten weeks, until the patient’s death from meningitis. It is the 
authors’ feeling that it is hard to obtain a positive culture after streptomycin therapy has 
been started. Frequently cultures became sterile for all other organisms following the use 
of streptomycin, although the sinuses continued to drain. The combined use of penicillin 
and streptomycin produced no advantage, either in the culture or in the clinical picture. 


TREATMENT 
Method and Dosage 

Early in the study 2 grams of streptomycin a day, in divided doses, was given every 
six hours for the first week; thereafter 1 gram a day was administered. After one-third of 
the patients had been treated, the amount was changed to 1 gram a day, and this was 
continued throughout the course. Where necessary because of complications or other 
factors, the dosage was reduced to 0.5 gram a day. When approximately half of the series 
had been completed, the dosage of 1 gram a day was divided so that 0.5 gram was given 
twice a day, and that is the authors’ custom at present. No noticeable change in response 
occurred, regardless of whether 1 gram or 0.5 gram a day was used. However, the patients 
who received 0.5 gram a day were susceptible to the streptomycin, and perhaps its effec- 
tiveness may be increased by personal susceptibility. Early in the study, when streptomy- 
cin was scarce, the patients were maintained on the drug for only a few days after healing 
had occurred. Occasionally it was impossible to continue the drug for a satisfactory period 
because of its expense and scarcity. Improvement would be noted, but because the sinus 
persisted, the patient would again have to be placed on the drug to secure complete healing. 

The time required for healing seemed to be definitely related to the period of intake of 
the drug, rather than to any continued effect of streptomycin once its administration had 
been stopped. For instance, one patient was given streptomycin at irregular intervals for 
one year. Healing occurred when he had been treated for a total of 103 days. Another pa- 
tient received the drug sporadically over a period of eight months, but healing did not take 
place until treatment had been given for 108 days. In another patient, given the drug for 
110 consecutive days, healing occurred at 106 days. 

In some cases in which streptomycin could not be continued until healing had oc- 
curred, the initial treatment produced such good general physical response that the sinus 
subsequently healed without further medication. This was not a common finding. 

The greatest amount of streptomycin used in one case was 697 grams, given to a 
fifty-five-pound child (51 grams were administered intrathecally). In this patient, with 
proved tuberculosis of the hip and proved tuberculous meningitis, there was complete 
arrest of both the meningitis and the hip lesion. The scarred hip was subsequently arthro- 
desed. The microscopic examination of tissue removed at the time of arthrodesis was 
negative for tuberculosis. 

The smallest amount of streptomycin used was 21 grams, given to an adult with 
tuberculosis of the cervical spine, whose sinuses had drained for two years. Healing occurred 
in ten days and the sinuses have remained healed. This patient had had a spine fusion of 
adequate extent and continuity before the streptomycin was given, but his sinuses had not 
been prevented or healed. 

The shortest time required for healing was seven days in a patient who had had a 
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sinus for four months over an area of rib destruction, associated with tuberculosis of the 
thoracic spine. Spine fusion was carried out successfully following healing of the sinus, 98 
grams of streptomycin being given during a period of ninety-one days. This patient's sinus 
has remained healed to the present. 

The average healing time showed no definite relationship to the amount of drug used. 
Where the patient tolerated only 0.5 gram a day, healing occurred at the same relative 
speed as where a full gram a day was tolerated. It may be that the patient’s tolerance to 
the drug is related to the speed of healing. We are not suggesting that the amount of drug 
routinely given be less than one gram a day. We do suggest, however, that one need not 
force one gram a day if complicating circumstances indicate a reduction in the daily 
amount. The healing time is definitely related to the duration of treatment rather than 
the total dosage. 


Duration of Treatment in Healed Cases 

Fourteen patients were treated for less than 90 days, forty from 90 to 120 days, 
sixteen up to 200 days, and nine had more than 200 days of treatment. Nine months’ 
treatment, or more, may be required to secure healing in some instances. On the average, 
healing occurred at about sixty days (60 grams of streptomycin), yet the treatment was 
carried on for an average of ninety days (90 grams). It might be suggested, therefore, that, 
to ensure an optimal chance of healing being maintained, the time required for healing be 
taken as a guide for the period of continuing the drug after healing. Streptomycin should 
be continued after sinus closure for a period equal to half the length of time necessary to 
secure healing. Therefore, if 100 days are required to secure healing, streptomycin should 
be given for another fifty days. This suggestion is presented for consideration and not as a 
directive, in view of the relatively short experience in the use of the drug. 


RESULTS 
Toxic Manifestations 

Four main types of toxic manifestations were noted. These were referahle to the 
auditory branch of the eighth cranial nerve, to the vestibular branch of the eighth cranial 
nerve, to the skin, and to allergic asthmatic reactions. 

Deafness occurred once, but was disregarded in the treatment, since the child had 
proved meningitis. The deafness had been said to be complete, but the child now reacts to 
sound. There was no involvement of the vestibular branch of the eighth nerve in this 
patient. 

The symptoms of headache, vertigo, tinnitus, dizziness, nausea, and vomiting oc- 
curred in varying degrees in fifteen patients. In all of these patients the drug was either 
maintained, or, after a short interval of withdrawal, its use was resumed. In five, satis- 
factory relief was secured by the administration of benadryl. In four cases, benadryl] failed 
to improve the symptoms. No permanent damage occurred in any of these patients, and 
all were entirely relieved of symptoms following removal of the drug at the completion of 
treatment. 

The skin symptoms consisted of severe itching in three patients and varying degrees of 
dermatitis in three others. One of these patients, although suffering from severe dermatitis, 
is still being maintained on the drug, and the dermatitis is receding. The patients with 
pruritis all responded satisfactorily to benadryl, and the use of streptomycin was not 
interrupted. Where actual dermatitis existed, benadryl failed to relieve the situation. In 
all of the dermatitis cases, the treatment was either carried on with reduced dosage or, 
after a short interval of rest, streptomycin was resumed at reduced dosage and the treat- 
ment was continued. Following completion of treatment with streptomycin, the dermatitis 
completely cleared in two cases; the third patient has already been mentioned. 

Moderately severe asthmatic symptoms, necessitating oxygen therapy for ten days 
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during use of the drug, were encountered in one case. This reaction subsided when the 
dosage of streptomycin was reduced to 0.5 gram per day. In this patient, benadryl failed to 
relieve the asthmatic symptoms. 

Thus complications of some nature occurred in 24.2 per cent. of the cases in which 
streptomycin was used. In no instance was it necessary to stop the use of the drug per- 
manently because of them. 


Death During Period of Treatment 

These patients were, on the whole, extremely sick; four died during the period of 
treatment. Two deaths were due to tuberculous meningitis, one to a cerebral accident, and 
one to kidney failure with severe amyloidosis. The one patient with proved meningitis 
recovered. No deaths were in any way related to the streptomycin therapy. 


Benefits Derived from Streptomycin 

The healing of sinuses, while dramatic, was not the only benefit directly attributable 
to the use of the drug. There was marked improvement in the general physical condition 
of the patients, as well as gain in weight. These were progressive changes which began 
within a few days following use of the drug and continued even after its removal; the peak 
of improvement occurred about six weeks after treatment was begun. 

In eight of the patients, surgery would have been impossible without streptomycin. 
In five of these the disposition of sinuses preventedad equate surgery; and in three, ema- 
ciation was so severe that the patient’s condition appeared hopeless at the time the drug 
was started. In eight of these patients the sinuses have healed; adequate surgery has been 
performed; and all are in a favorable condition for eventual recovery and discharge. In the 
five in whom sinus areas prevented operative care, incisional lines were made through the 
healed sinus areas; all of these incisions are at present healed. Three of the five patients 
had tuberculosis of the spine with disease of the posterior elements, and fusion was carried 
out through the healed scarred sinus area on the diseased posterior elements. The fusions are 
still secure and healing of the operative incisional areas has been maintained. 


Failure of Healing of Sinuses 

In sixteen of the ninety-five patients (16.8 per cent.), the. sinuses failed to heal. 
Failure of healing was apparently due to the presence of a sequestrum, a thick-walled 
abscess, an uncollapsed bony pocket, or inadequate stabilizing surgery of the infected 
joint. To these causes of failure may be added an insufficient period of administration of 
streptomycin, or an insufficient life span of the patient to permit satisfactory drug ad- 
ministration. 

No failures were seen which could not be explained satisfactorily by the factors just 
mentioned. Clinical failures due to the development of resistance of the tuberculous organ- 
ism to streptomycin, we believe, require more proof. When a patient fails to respond, we 
review the case intensively, keeping in mind the factors mentioned. In one patient, seen 
recently, streptomycin has been continued in spite of allergic manifestations of asthma 
and exfoliative dermatitis, and without satisfactory response as regards the sinus. In- 
tensive review of the roentgenograms of her spine has disclosed pseudarthrosis, not known 
to exist during the past five years. The pseudarthrosis had existed without the occurrence 
of further collapse of the vertebral bodies, but is causing continuance of manifestations 
through sinus drainage. In another patient with wrist-joint disease, in whom treatment 
failed, wrist resection disclosed an unsuspected carpal sequestrum. 


Successful Healing of Sinuses 


In seventy-nine patients (83.2 per cent.) the sinuses healed; all except one have re- 
mained healed. In one patient, with elbow-joint tuberculosis, the sinus reopened after 
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forty-two days, 49 grams of streptomycin being given. Cultures from the reopened sinus 
were sterile. Streptomycin was continued and elbow-joint resection was done, with primary 
healing of the incisional wound. The sinus has remained closed, although typical hyper- 
mobility of the elbow followed resection. To date, a total of 217 grams of streptomycin 
have been administered. The patient had other lesions involving the cervical spine, 
sternum, ankle, thoracic spine, lumbar spine, and left sacro-iliac joint, but the chest was 
negative. From being practically moribund, he has improved so that his general condition 
is excellent; his other tuberculous lesions are being stabilized surgically. 

An instance of the efficacy of the drug alone is shown by a patient who had had a 
sinus draining from the sternum for thirty-five years. Sinus healing occurred in seventy 
days with 77 grams of streptomycin, without surgery or other treatment. This patient’s 
treatment was continued, on the basis of clinical judgment, for a total of 105 days (112 
grams of streptomycin). Her sinus has remained healed to the present. Even before this 
study was completed, on the basis of clinical judgment alone and without any definite 
formula for continuance of streptomycin, this patient’s treatment was continued beyond 
the period of healing by 50 per cent. of the time necessary to secure healing. This case 
corroborates the authors’ rule of continuing treatment, suggested previously. 


SURGERY 


As mentioned, streptomycin makes surgery possible in certain instances. It is evident 
that in all of the patients with sinuses in the present series, a certain amount of decompres- 
sion of their abscesses exists. Frequently this decompression of abscesses and their drainage 
is not satisfactory. Surgical eradication of extremely thick-walled abscesses, especially 
about the spine, is, of course, not always possible. Excisional surgery of abscesses and 
granulation tissue at the time of arthrodesis of other joints is possible and important. 
Sequestrectomy is essential, where it can be accomplished. Arthrodesis of weight-bearing 
joints is essential if healing is to be secured; one cannot rely on streptomycin alone. Re- 
section of non-weight-bearing joints is permissible. Surgery has accompanied the use of 
streptomycin throughout this study. 

EFFECT OF STREPTOMYCIN IN TUBERCULOUS BONE AND JOINT LESIONS WITHOUT SINUSES 

Although this investigation concerns tuberculous bone and joint lesions with sinuses, 
one cannot completely disregard concomitant lesions, present among those patients not 
having sinuses, which are affected by the treatment. Too short a time has elapsed for a 
complete study of this material, as changes are slow, viable organisms may persist for 
some time, and reactivation may occur at a much later date. Clinically, however, retarda- 
tion of the progress of the unopened lesion and improvement of general health have been 
noted during the period of administration of streptomycin, on about the same basis as for 
the series of sinus-complicated cases. The authors are skeptical as to the ability of strep- 
tomycin alone to heal a bone or joint lesion permanently, even though a sinus is not 
present. 

Five children with proved bone or joint tuberculosis, without sinuses, have recently 
been studied intensively at the House of St. Giles the Cripple. Two had knee infections; 
the others had infection of the tibia, hip, and spine. Four received streptomycin for ninety 
days (90 grams of streptomycin), with apparent temporary arrest of the condition, 
clinically and roentgenographically. Subsequently all four have been found to have active 
disease extension, either alone or accompanied by active pathological tissue and culture 
changes. In the girl who received 697 grams of streptomycin, proved residual disease 
activity did not occur. In other words, all the patients given 90 grams of streptomycin 
for ninety days continued to have active disease, despite what would in the past have been 
considered satisfactory streptomycin therapy. In only one child, given a tremendous 
amount, did the disease remain inactive. In all but one of the patients, this continued disease 
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activity was not suspected clinically. The question arises of whether, in closed bone and 
joint tuberculous lesions, one can entirely rid the body of the active tuberculous organism 
and its destructive process by the use of this drug alone. Apparently one cannot. Surgery 
still is a necessary adjunct. 


SPECULATION 


As we see the dreadful end results of this disease, we would raise three questions: 
First, do the complications involved in any way detract from the forceful use of streptomy- 
cin? We believe not. 

Second, should we reverse all policy of the past and decompress closed abscesses by 
actual incisional drainage, administration of streptomycin, and subsequent surgery? We 
suggest that we should. 

Third, can prolonged use of streptomycin eventually rid the body of disease and 
eliminate the necessity of surgical ankylosis of weight-bearing joints? With our present 
knowledge, it appears that it cannot. Control of a closed or open lesion with a reasonable 
amount of streptomycin, we believe, requires surgery. In most instances, by the time the 
disease process has been recognized and controlled, the involved joints are deformed and 
their sacrifice is justified in view of the protection afforded. 


CONCLUSIONS 

1. At the present time, streptomycin represents a tremendous advance in the treat- 
ment of patients with these lesions. Streptomycin undoubtedly will be improved upon and 
superseded by some other agent in the future, giving us better control of this disease and 
possibly enabling us to eradicate it. 

2. In closed lesions streptomycin, in dosages of 90 grams in a period of ninety days, 
has failed to arrest the tuberculous process permanently. 

3. Failure of treatment with streptomycin suggests strongly the presence of a se- 
questrum, a thick-walled abscess, or inadequate surgery. 

4. Healing seems to be related to the duration of administration of streptomycin and 
not to the total dosage. 

5. In patients having sinuses, streptomycin should be continued after healing for a 
period at least half as long as the healing period itself. 

6. Surgical ankylosis, or resection of non-weight-bearing joints, is apparently as neces- 
sary now as it ever has been, but is much safer and more effective. Indeed, at times surgical 
attack is made possible only by the use of streptomycin. 
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NEUROPATHY OF THE MEDIAN NERVE DUE TO COMPRESSION 
BENEATH THE TRANSVERSE CARPAL LIGAMENT * 


BY GEORGE S. PHALEN, M.D., W. JAMES GARDNER, M.D., AND ALBERT A. LA LONDE, M.D., 
CLEVELAND, OHIO 


From the Cleveland Clinic and the frank E. Bunts Educational Institute, Cleveland 


Neuropathy due to compression of the median nerve at the wrist occasionally may be 
associated with advanced hypertrophic arthritis or with trauma involving the wrist joint 
or the carpus. In some of these cases the onset of the neuropathy may occur several vears 
after injury, producing a so-called ‘‘tardy median palsy”’ which is, in most respects, 
similar to a ‘‘tardy ulnar palsy” as far as its pathogenesis is concerned. It is easy to see 
how a “‘tardy median palsy”’ might develop. The median nerve lies superficial to the 
flexor tendons of the fingers, immediately beneath the transverse carpal ligament **; 
these structures completely fill the carpal tunnel. Narrowing of the carpal tunnel secondary 
to fracture or hypertrophic arthritis may compress the median nerve between the bones 
of the carpus and the transverse carpal ligament. Zachary recently reported two such 
‘ases, one with old bilateral fracture of the carpal navicular and the other with a malunited 
Colles’s fracture. 

We are concerned here, however, with the spontaneous development of neuropathy 
d.e to compression of the median nerve beneath the transverse carpal ligament, without 
antecedent or associated injury or disease. Marie and Foix, in 1913, reported a case with 
severe bilateral atrophy of the thenar muscles; at autopsy, a definite neuroma of the 
median nerve was found, just proximal to the transverse carpal ligament. These authors 
felt that there had been a so-called strangulation of the nerve beneath the ligament and 
they suggested that, if the diagnosis could be made early enough in other similar cases, 
section of the ligament might prevent atrophy of the thenar muscles. Moersch, in 1938, 
reported a case of median neuritis with bilateral atrophy of the thenar muscles. Although 
no treatment was instituted in this case, Moersch also suggested that the transverse 
‘arpal ligament be sectioned early, to prevent irreversible changes in the median nerve. 

In 1946, Cannon and Love reported a series of thirty-eight cases of ‘‘tardy median 
palsy”. In nine of these cases, surgical division of the transverse carpal ligament was 
arried out with satisfactory results. Only three of the nine cases, however, apparently 
van be classified as spontaneous median palsy, without associated injury or disease. Brain, 
Wright, and Wilkinson presented, in 1947, a detailed report of six cases of spontaneous 
bilateral compression of the median nerves in the carpal tunnel. All six cases were treated 
successfully by section of the transverse carpal ligament. These workers also stated that 
they had seen eight additional patients in whom the diagnosis had not been verified by 
surgical exploration. 

In the past year the authors have observed four cases of spontaneous neuropathy, 
due to compression of the median nerve beneath the transverse carpal ligament. Three of 
these cases, reported here, have been treated by surgical division of the transverse carpal 
ligament, with excellent results. 


Case 1. A negro woman, thirty-four years old, was first seen on January 15, 1948. She complained of 
periodic episodes of numbness in both hands, lasting from a few minutes to half an hour. These symptoms 
had been present for a year in the right hand and for six or seven months in the left hand; they were much 
less severe in the left hand. The numbness and paraesthesia were always limited to the thumb, the index 
finger, and the middle finger; and were aggravated by carrying heavy objects or by active use of the hands. 

* Read at the Annual Meeting of the American Society for Surgery of the Hand, Chicago, Illinois, 


January 21, 1949. ; 
** Some anatomists call this structure the volar carpal ligament. 
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The paraesthesia was always worse at night. The patient had been aware of increasing difficulty in manipu- 
lating objects with her right hand. She worked as a cook and was unable to peel more than one or two 
potatoes continuously without stopping, because of numbness and tingling in her right hand. There was no 
history of injury to her hands or wrists. 

Physical examination disclosed no limitation of motion in the cervical spine, no tenderness over the 
scaleni, no pain on jugular compression, and no alteration in the tendon reflexes. The Tinel sign was positive 
over the median nerve at the wrist, bilaterally, but there was no evidence of thenar-muscle atrophy or 
weakness of any intrinsic muscles in either hand. On the right hand, anaesthesia was present over the 
volar aspect of the thumb, index finger, middle finger, and radial half of the ring finger; and hypoaesthesia 
over the medial half of the palm and over the dorsal aspect of the distal two phalanges of the thumb, index 
finger, and middle finger. On the left hand there was also hypoaesthesia in the median distribution, but 
this was much less severe than on the right. 

On March 10, the right median nerve 
was explored and the transverse carpal 
ligament was sectioned. The nerve was 
found to be somewhat gray in color; it was 
slightly enlarged, proximal to the carpal 
ligament, but there was no evidence of a 
true neuroma. The connective tissue imme- 
diately adjacent to the nerve appeared to 
be a little more adherent than normal. 
The sheath of the nerve was distended 
with normal saline to exclude the possi- 
bility of an interstitial neuroma. 

Immediately after recovery from the 
anaesthesia, the patient stated that she 
no longer had pain or tingling in the 
fingers. During the next six months, sensa- 
tion in the right hand gradually returned 
(Fig. 1). When the patient was examined 





Fia. 1 


Case 1. Diagram of volar aspect of the right hand, showing 9, July 22, there was persistent hypo- 
extent of anaesthesia prior to section of transverse carpal liga- — | tear : he ended tena ee 
ment on March 10, 1948, and that remaining four and one-half aest hesia Over t re radial aspect o t e 
months later. distal phalanx of the thumb and the entire 


volar aspect of the distal two phalanges 
of the middle finger. By January 15, 1949, normal sensation had returned to the entire hand, except for the 
persistence of slight hypoaesthesia over the volar aspect of the distal phalanx of the middle finger. 

This patient is now able to work hard with her right hand without any discomfort or weakness. The 
numbness in the left hand has remained unchanged; but, because it is causing so little disability, operation 
on the left wrist was not advised at this time. The patient was warned, however, that an operation should 
not be delayed if there was any increase in the degree of numbness in her left hand. 


Case 2. A fifty-year-old Jewish woman was first seen at the Clinic on November 22, 1947. She com- 
plained of pain and hyperaesthesia in the thumb, index finger, middle finger, and ring finger of each hand, of 
eight months’ duration. The condition was worse in the right hand than in the left. She was unable to doa 
great deal of her housework, because it aggravated the pain in her fingers. The pain frequently awakened 
her at night. Over the preceding few months she had found it increasingly difficult to manipulate small 
objects with her right hand. There was no history of injury to either wrist. 

Physical examination revealed the presence of hyperaesthesia throughout the entire median distribution 
in both hands, more pronounced on the right. There was no evidence of muscle atrophy or weakness in 
either hand. Marked tenderness and slight thickening were observed over the sheath of the short extensor 
and long abductor tendons of the thumb in the region of the radial styloid on the right. The Tinel sign was 
positive over the median nerve at the right wrist. 

A diagnosis was made of bilateral median neuritis and of stenosing tenosynovitis (de Quervain’s disease) 
at the right wrist. A cervical sympathetic block was performed on the right, but no objective or subjective 
improvement in the patient’s condition resulted. 

The patient returned on January 13, 1948, and was first observed in the Department of Orthopaedic 
Surgery. She stated that the right thumb, index finger, and middle finger felt numb all of the time, 
although there was still severe hyperaesthesia in the median distribution of the hand. She was finding it 
progressively difficult to sew or do her housework. The grip in the right hand was weak because of pain in the 
region of the radial styloid. There was no evidence of atrophy or weakness of the thenar muscles. 

The wrist and thumb were immobilized with a splint, which the patient was instructed to wear most of 
the time. Physical therapy, in the form of paraffin baths, was ordered, but this treatment was discontinued 
because the patient complained that the heat aggravated her pain. 
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NEUROPATHY OF THE MEDIAN NERVE 111 


Although somewhat improved three months later, she was still unable to work with her right hand. 
On April 22, the median nerve was explored, the transverse carpal ligament was sectioned, and the sheath 
of the long abductor and short extensor tendons to the thumb was incised. This tendon sheath was thickened 
and contained an increased amount of fluid. The median nerve appeared normal, with no demonstrable 
neuroma or compression. 

About one week after the operation the patient admitted, for the first time, that there had been sig- 
nificant improvement in her right hand. The pain in her thumb was gone and there was less hyperaesthesia 
in the median distribution. Six weeks after the operation, she reported that she no longer had numbness or 
tingling in her fingers. Tinel’s sign at the right wrist was absent. When last seen, almost nine months after 
operation, she stated that her right hand was entirely normal; there was no weakness of grip or sensory 
changes; and she was able to use the hand without discomfort. There was little change in the condition of 
the left hand, but the disability was too slight to justify operation on the left wrist. 


Cask 3.:A white woman, forty-seven years old, was first seen at the Clinic on May 12, 1948. She stated 
that, in August 1947, she had first noticed pain in her left shoulder when she raised her arm. She consulted a 
local physician, who ordered roentgenograms of the cervical spine and diagnosed the ailment as a protruded 
cervical intervertebral disc. About one month later she noticed numbness in the tip of the right middle 
finger. A novocain injection of the right anterior scalenus afforded some relief from the shoulder pain, but 
did not affect the numbness in her right hand. This progressed slowly for a period of several months, to involve 
the thumb, index finger, middle finger, the radial side of the ring finger, and the median distribution in the 
palm. At the time of her admission to the Clinic, there was numbness in the median distribution in the 
right hand and a burning and tingling fee'ing over the median distribution in both hands. This burning in- 
creased at night and was aggravated when the patient did any type of work with her hands. In the preceding 
few months she had noted increasing weakness in the right hand and difficulty in manipulating small objects. 
There was no history of injury to either wrist or hand. 

Physical examination showed severe hypoaesthesia over the entire median distribution in the right 
hand and over the distal phalanx of the left thumb. The Tinel sign was positive at both wrists over the 
median nerve. There was definite atrophy of the right thenar muscles, with weakness of the opponens and 
short flexor of the thumb. Tenderness was present over the mid-cervical region posteriorly, and neck move- 
ment was slightly restricted in all directions. There was no tenderness over the scaleni, however, and no 
evidence of a cervical rib. 

Roentgenograms of both wrists disclosed nothing abnormal. Roentgenograms of the cervical spine 
showed narrowing of the fifth interspace with mild hypertrophic changes in this region. 

On June 18, 1948, the right median nerve was explored and the transverse carpal ligament was sectioned. 
A fusiform swelling of the nerve was found, just proximal to the carpal ligament and extending for a distance 
of about two centimeters, which seemed a little more pronounced than the normal anatomical enlargement 
of the nerve in this area. The nerve appeared firmer in this region than elsewhere, but no definite neuroma 
could be demonstrated. 

Immediately after the operation, the patient stated that she had been relieved of the burning sensation 
and pain in the fingers of the right hand; one month later there was @ cessation of the burning and tingling 
in the hand. The Tinel sign was negative, although the grip was still weak. On October 25 (four months 
after operation) the patient stated that she no longer experienced pain in her right hand; there wes con- 
siderable improvement in strength of grip. She could hold a knife, write letters, and do light housework 
without discomfort. Her paraesthesia had cleared completely, and the hypoaesthesia had improved. 

On January 16, 1949, the patient returned because of progressive pain and hypoaesthesia in the median 
distribution of the left hand, and a “snapping tendon” in the middle finger of the right hand. Examination 
revealed improvement in the atrophy of the right thenar muscles; the grip was almost normal; and there 
were no longer sensory changes in the hand. A tender swelling could be palpated in the flexor tendon, over- 
lying the head of the third metacarpal, and this tendon could be felt to snap beneath the annular band 
when the finger was passively extended. At times this finger would be locked in flexion and could be extended 
only passively. In the left hand there was moderate atrophy of the thenar muscles, with weakness of grip 
and numbness in the median distribution. The Tinel sign was positive over the median nerve at the left wrist. 

On January 17, 1949, both hands were operated upon. The ligamentous sheath, or annular band, over- 
lying the flexor tendons of the right middle finger was incised. The transverse carpal ligament of the left 
wrist was sectioned. No definite abnormality in the left median nerve could be demonstrated. 

When the patient was last seen, on February 28, there were no complaints referable to the right hand. 
In the left hand, only slight hypoaesthesia remained over the two distal phalanges of the middle finger and 
the distal phalanx of the thumb. Strength of grip in the left hand had improved, and there was less atrophy 
of the thenar muscles. 


DISCUSSION 
These cases represent the spontaneous development of neuropathy, due to compres- 


sion of the median nerve beneath the transverse carpal ligament. Surgical section of the 
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ligament evidently decompresses the nerve sufficiently to restore its normal function and 
to relieve the patient’s symptoms. Although the signs of nerve compression were found 
not to be severe at the time of operation, release of the nerve by section of the transverse 
varpal ligament afforded prompt relief in each case. 

The pathogenesis of this condition is not clear. Occupation may be a causal factor, 
since Brain and his co-workers have shown experimentally that there is a definite rise in 
pressure within the carpal tunnel when the wrist is strongly extended. Certainly active 
use of the hands aggravated the symptoms in each of the patients reported here; but none 
of them had been performing very strenuous work with the hands. It seems unlikely. that 
occupation alone could be considered a causative factor, or the condition would be en- 
countered much more frequently than it evidently has been. 

Ischaemia of the nerve due to pressure may play some etiological role, especially 
since, in most of the cases reported, the patients have been past fifty years of age. Our 
first patient, however, was only thirty-four. Sex may have some relationship to the 
condition. The six cases reported by Brain and the authors’ four cases were all in women. 

The presence of de Quervain’s disease in one of the authors’ cases and of so-called 
“trigger finger’ in another case might be an indication that trauma of a similar nature 
could produce the median neuropathy. The treatment of the two conditions—stenosing 
tenosynovitis and spontaneous median neuropathy—is certainly similar. 

Of special interest is the fact that none of the patients has had any disability from 
section of the transverse carpal ligament. A little bulging of the flexor tendons at the 
wrist has been noted, especially when the wrist is flexed; but with the wrist in extension— 
which is the position of function—there is apparently no weakness in the power of flexion 
of the fingers. 

Great care should be taken in making the diagnosis of spontaneous compression of 
the median nerve in the carpal tunnel. A complete neurological and orthopaedic examina- 
tion must be made to rule out the presence of progressive muscular atrophy, syringomyelia, 
protrusion of a cervical intervertebral disc, or a scalenus anterior syndrome. The presence 
of a positive Tinel sign over the median nerve at the wrist, as well as the strict limitation 
of all sensory findings to the median distribution, distal to the wrist, are the two most 
reliable diagnostic findings. The condition is apparently always bilateral, but symptoms 
are usually more noticeable in the hand which the patient uses more. Roentgen-ray 
examination of the wrist is helpful in ruling out the presence of hypertrophic arthritis 
or bone injury that may be causing pressure on the median nerve. 

The authors are confident that this condition is not a rarity, as one might assume 
from the paucity of previous reports in the literature. If this condition is kept in mind 
during the examination of patients who have symptoms of median neuritis, more cases 
are certain to be recognized. 
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A METHOD OF MOBILIZING THE TEMPOROMANDIBULAR JOINT 


BY H. KELIKIAN, M.D., CHICAGO, ILLINOIS 


From the Department of Bone and Joint Surgery, Northwestern University Medical School; and from Wesley 
Memerial and Cook County Hospitals, Chicago 


As man must chew in order to relish and assimilate solid food, inability to open 
one’s mouth constitutes a serious handicap. Moreover, in the presence of ankylosis of 
the jaw, oral hygiene becomes difficult; sore throat cannot be attended; and infected 
tonsils must go without surgery. Dentition in children and decay of teeth in adults give 
rise to problems which cannot be coped with adequately unless the jaw is first mobilized. 
The conditions which cause partial or total immobility of the jaw may be grouped under 
five general headings: (1) congenital anomalies, such as syndesmosis or synosteosis of 
the mandible to the fixed bones of the skull; (2) injuries, including fractures of the mandib- 
ular condyle, old unreduced dislocations, depressed fractures of the zygomatic arch, 
gunshot wounds, and traumatic or degenerative arthritis; (3) inflammatory or rheuma- 
toid arthritis; (4) pyogenic joint disease; and (5) cicatricial contractures of the soft tissues, 
such as follow burns, scalds, and suppurative infections of the walls of the mouth. 

It is not necessary to discuss separately or in detail the different conditions which 
cause immobility of the jaw. With slight variations, the outcome in all is the same,—the 
mouth cannot be opened freely. Where there is solid bony fusion, the jaws cannot even 
be pried apart. When the immobility of the jaw is due solely to cicatricial contractures 
of the cheek, replacement of the scarred skin by pliable flaps will release the mandible. 
Occasionally, when immobility is the result of fibrous ankylosis, skeletal traction through 
the chin may stretch the adhesions in and around the temporomandibular joint, enabling 
the patient to open his mouth partially. In most instances, however, fibrous or osseous 
fusion of the mandible to any of the fixed bones of the skull points to one necessary solu- 
tion,—surgical mubilization of the mandible. 


HISTORICAL PERSPECTIVE 


Resection of bones and their articular ends, which was in great vogue throughout 
the nineteenth century, must be regarded as the logical precursor of all arthroplasties. 
In the temporomandibular joint, where stability is not a factor, adaptive remodeling of 
the opposed ends of the bones is hardly warranted. All that is needed is to excise sufficient 
bone to create a space, and to resort to such contrivances as will prevent the freshly cut 
osseous surfaces from coming together and effecting reunion. 

Although Valentine Mott, Lisfranc'’, Syme, and other workers had _ previously 
resected considerable portions of the mandible for tumors, Professor Humphry was the 
first, in 1856, to report excision of the condyle for relief of ankylosis of the jaw in arthritis. 
Humphry exposed the temporomandibular joint by a curved incision which began at the 
side of the orbit, ran transversely over the zygoma to the ear, and then took a sharp turn 
upward. 

The European surgeons of the period were beset by the idea that in most instances 
immobility of the jaw was due to cicatricial contractures. Dieffenbach had advocated 
creation of pseudarthrosis in the ramus of the mandible. In line with this teaching, about 
1855, Esmarch removed a wedge-shaped piece of bone from the body of the mandible 
through an incision in front of the masseter. Two years later, Rizzoli of Bologna recom- 
mended cutting the jaw bone with a powerful forceps, introduced by way of the mouth. 
Later Rizzoli advised the interposition of a piece of gutta-percha between the cut sur- 
faces of the bones to prevent their reunion. Heath stated that in 1862, Clendon, a dental 
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surgeon in London, had devised shields to cap the upper and lower sets of teeth, and had 
inserted a wedge between them in order to keep the mouth open. Bottini, also of Bologna, 
found the use of a wedge very irksome to the patient and resorted to Humphry’s original 
operation of condylectomy in a case of fibrous ankylosis of the temporomandibular joint. 
The operation failed when performed on one side; it was successful when the condyle on 
the opposite side was also resected. Bottini is said to have approached the temporomandib- 
ular joint through a vertical incision in front of the ear. 

In the period which followed, and up to the present time, very little has been added 
to the pioneer work of Humphry, Esmarch, Rizzoli, Clendon, and Bottini. Ir 1875, Good- 
willie of New York modified Clendon’s shield and wedge and perfected a hinged, double- 
planed, oral speculum with a screw device which, when turned, forced the jaws to con- 
verge or diverge. Numerous varieties of mouth gags, and spring or elastic instruments 
have been devised to help the patient open and close his mouth and to exercise and 
strengthen the atrophic muscles of mastication. 

The incisions employed by Humphry, Esmarch, and Bottini have been suggested 
time and again with but slight modifications and with claims of originality. Humphry’s 
excision of the condyle was extended by Samuel D. Gross to include the coronoid process 
as well; Esmarch’s resection of a wedge of bone in front of the masseter was transposed to 
the ramus behind it, even to the neck, below the condyle. In 1873, James Little of New 
York made an incision along the lower border of the masseter; he stripped the muscle 
until the neck and the condyle were exposed and resected a segment of the neck, leaving 
the fused head in situ. Little’s operation was repeated by Robert Abbe of New York in 
1880. Abbe approached the joint through a vertical incision in front of the ear; a horizontal 
incision, meeting its upper end, was carried along the lower border of the zygomatic arch. 

Rizzoli’s original idea of inserting gutta-percha between the cut ends of the bones 
has gone through successive modes of interposing muscle and fibrous tissue “, a flap 
from the masseter *', a pedicled flap of fascia, fat, and capsule **, free fat and fascia ", 
a cartilage graft *, tantalum foil 7, and finally oxycel gauze. Toward the end of the last 
century and earlier in the present century, arthroplasty was practised in the true sense 
of the word: The cut ends of the bones were reamed, reshaped, and fitted together; and 
the raw surfaces were covered with elaborately designed fascial flaps which were sutured 
over and around the bones. In an attempt to gain greater exposure, as was required by 
all of these complicated procedures, the facial nerve or its branches were cut more than 
once; the internal maxillary artery was punctured while the fascial flap was being tacked 
around the newly carved condyle; the already attenuated roof of the articular socket of 
the temporal bone was deepened by a motor burr at the great risk of boring a hole into 
the middle cranial fossa; often the anterior wall of the external auditory meatus was 
torn,—an accident which was frequently followed by infection and putrid sloughing of 
the fascial flap through the rent in the ear. 

For a joint in which the primary function is movement and not stability, attempts 
at adaptive remodeling and relining of the articular ends of the bones do not represent 
the sound practice of surgery. The much simpler bone resection, practised almost a cen- 
tury ago, requires less time, less room, and less tugging and tearing than arthroplasty; 
it involves less hazard. Mere resection of the articular ends is as effective as arthroplasty, 
if enough bone is excised and the severed ends are kept apart until the muscles have re- 
gained their functional usefulness. 

BASIC PROBLEMS 
Fixation of the Mandible 


With the exception of tympanic ossicles, the mandible is the only bone of the skull 
which is capable of independent movement; all the rest, fused together firmly, move as 
a whole. Movements of the jaw at the temporomandibular joint are compromised when 
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the mandible becomes bound to the fixed bones of the skull by either fibrous bands or 
osseous bridges. Fixation of the mandible to the temporal, the zygomatic, or the maxillary 
bone necessarily checks its movements at the temporomandibular joint. When one holds 
the jaw still and tilts the head backward, the mouth opens, due to the movement of the 
skull at the temporomandibular and atlanto-occipital joints away from the fixed mandible. 
The supplementary motion of the fixed bones of the skull backward at the atlanto- 
occipital joint increases the range to which the mouth can be opened by the depression of 
the jaw. When the mandible is fused to the fixed bones of the skull, however, it moves 
with the calvarium at the atlanto-occipital joint and the mouth fails to open. Moreover, 
when the temporomandibular joint is fused or interlocked on one side, the articulation 
on the other side fails to permit motion. Frequently, although the temporomandibular 
joint on one side may not have been involved in the primary disease, it undergoes sec- 
ondary degenerative changes in the course of prolonged immobility caused by the pri- 
mary disease on the opposite side. There are instances, however, as in Marie-Striimpell 
type of inflammatory arthritis, when both joints are primarily, although not simul- 
taneously, affected. 


Changes in the Muscles 

Irrespective of whether the ankylosis of the temporomandibular joint is unilateral or 
bilateral, when it has existed for a protracted period of time, the muscles of mastication 
undergo fibrotic changes and become shortened. They may never recover their con- 
tractility, even after wide resection of bone. This is especially true in adults, particularly 
in Marie-Striimpell type of inflammatory arthritis. In children with congenital fusion be- 
tween the mandible and the maxilla, the temporal, the pterygoid, and the masseter 
muscles on the affected side may be completely wanting or fibrotic. However, as long as 
there are muscles on the opposite side, they can be helped to recover their contractile 
strength postoperatively by judicious stretching and exercise against tension. 


Growth Arrest of the Mandible and Asymmetry of the Face 

The mandible forms the skeletal framework of the lower portion of the face. In anky- 
losis of the temporomandibular articulation, there is often considerable facial asymmetry, 
especially when the fixation is unilateral and starts early in life. The body of the mandible 
is laid in halves, which fuse at the symphysis in the second year. At birth, the right or 
left ramus is represented by an articular condyle which is flush with the alveolar rim, and 
a coronoid process which rises slightly above as a small triangular bud. The mandible 
attains its adult form and configuration by an incessant process of removal and replace- 
ment of bone and, although it gains in bulk and alters somewhat in shape, its relation to 
the neighboring structures, especially to the maxilla, remains unchanged. With greater 
demand on mastication and with dilation of the paranasal sinuses, the maxilla expands 
forward, downward, and sideways. To keep pace with the three-dimensional expansion 
of the bone above, the body of the mandible pushes its way ahead, descends, and spreads 
its limbs apart. The ligaments and the muscles, which moor the rami to the fixed bones 
of the skull, resist this shift. In consequence, each ramus stretches to a considerable 
height, inclines forward, and twists inward around its long axis. 

The question as to whether the rami acquire their height mainly by enchondral ossifica- 
tion, brought about by the proliferation of the articular cartilage which caps the condyles, 
or by extension of the membranous bone from below, is still debatable. In ankylosis of 
the temporomandibular joint, crossing of the cartilage plate by fibrous strands or bony 
trabeculae may in part be responsible for the arrest of growth and stunting of the ramus 
or of the mandible as a whole. Perhaps more important is the fact that fixation of the 
mandible eliminates functional stimulus to its growth and that, when the mandible is 
immobile, the muscles of mastication undergo variable degrees of atrophy of disuse: The 
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muscles shrink, flatten out, and contribute secondarily to the malformation of the 
face. It is only by disconnecting the mandible from the fixed bones of the skull— 
even at the expense of removing the condyle, the coronoid process, and the adjacent seg- 
ment of the ramus—that the mandible may be permitted to move and catch up with 
its allotted span of growth under the influence of function. The muscles of mastication, 
which have laid dormant, will then begin to contract and bulge and thus partly remedy 
the flattening of the face on the affected side. 


CLINICAL MANAGEMENT 
Appraisal and Scrutiny 


One may question the advisability of mobilizing a solidly fused joint elsewhere in the 
body, especially in the lower extremity, but in ankylosis of the temporomandibular joint 
there is no other recourse. Certain points, however, need to be clarified before surgical 
mobilization of the mandible is undertaken. Preoperatively, the surgeon must ascertain: 
(1) the condition of the muscles of mastication; (2) whether the ankylosis is unilateral or 
bilateral and, if bilateral, which side is the seat of primary affection and which has stiffened 
secondarily; and (3) the type of ankylosis. Other interrelated factors, such as the age of 
the patient at onset of stiffness, the length of time the jaw has remained ankylosed or 
interlocked, the mobility of other joints, especially those of the cervical spine, and the 
nature of the primary disease, must also be taken into consideration, as they modify the 
management and condition the outcome. 

In Marie-Striimpell type of inflammatory arthritis, when both joints have been effaced 
for a protracted period of time and the muscles of mastication have undergone irreversible 
changes, surgical mobilization of the mandible accomplishes very little. This is especially 
true when the cervical spine is involved and the supplementary movement at the atlanto- 
occipital joint, which adds to the range to which the mouth can be opened by tilting the 
head backward, is likewise gone. However, even a hopelessly crippled arthritic must open 
his mouth a bit, and there is no way of telling whether the atrophied muscles are capable 
of recovery unless they are given a chance by mobilization of the mandible. Often in these 
patients the thoracic cage is frozen; breathing is mainly abdominal and, to a lesser extent, 
cervical. The platysma, which serves as an accessory muscle to breathing, is much stronger 
than in normal individuals. As the platysma originates in the skin of the neck and inserts 
into the lower border of the mandible, it can, in the absence of stronger depressors of the 
jaw, pull the mandible down, away from the maxilla, as much as a centimeter. This is a 
rewarding feat for one who has not opened his mouth for a long period of time. 

Of the muscles which protrude and elevate the jaw, only the external pterygoid and 
the temporalis insert in close relation to the joint and may have been primarily involved in 
the inflammatory process. The internal pterygoid and the masseter, which are perhaps the 
two most important muscles of mastication, suffer only atrophy from disuse; by mobiliza- 
tion of the jaw they are given a chance to regain their contractility and to aid in elevating 
the mandible and in clenching and grinding the teeth, as is needed when one chews 
solid food. When the mandible is fixed on one side, due to congenital synosteosis, 
some of the muscles on that side may be fibrotic or completely wanting; but following 
mobilization of the jaw, the muscles on the opposite side will open and close the mouth. 
Even though this movement may appear lopsided, it is useful and hence desirable. In 
unilateral ankylosis of the joint, both the masseter and the internal pterygoid will regain 
their contractility after use. 

In older adults with long-standing ankylosis of the jaw, both sides must often be op- 
erated upon before the mandible can be mobilized, even though only one side may have 
been affected primarily and the other has become stiffened secondarily. On the other hand, 
when fixation is recent, especially in children and young adults, surgery directed only at 
the primary seat will suffice. In the absence of leading clues, such as a definite history of 
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injury to one side of the jaw, localized pain, drainage of the ear, or cellulitis, it is often 
dificult to determine definitely which of the two joints had been primarily affected and 
which has become stiffened secondarily. Deviation of the chin, the greater flattening of 
facial contour, the absence of impulse transmitted to the palpating finger, placed in the 
external ear as the patient tries to open and close his mouth, and the diminished distance 
from the lower edge of the zygomatic arch to the inferior border of the ramus may all 
point to the primary seat. These signs are not altogether reliable, however, nor are they 
always present. Roentgenograms may reveal narrowing or effacement of the articular 
space, sclerosis of the bones surrounding the joint, or even shadows indicative of osseous 
strands, running from the mandible to the temporal bone or maxilla. Arthrograms are 
worthless. 

Ordinarily it matters little whether the fixation across the joint is due to fibrous bands 
or bony bridges. In pyogenic arthritis, introduced by way of the blood stream or by direct 
extension of infection from the mouth or middle ear, the ankylosis is usually osseous and 
firm. There is frequently solid fusion between the mandibular condyle, the base of the 
skull, and the front of the middle ear. The surgeon who fails to recognize this, and attempts 
to extract the condyle by forceful twisting and levering, runs the risk of causing a fracture 
across the base of the skull or through the tympanic portion of the temporal bone into 
the middle ear. The same precaution must also be taken when ankylosis is due to Marie- 
Striimpell type of inflammatory arthritis, where the osseous strands across the joint are 
firmer than the bones they bridge. In both of these instances, it is much safer to forego 
extracting the condyle and to resect a large segment from the ramus farther down. 


Anaesthesia 

In the presence of an immobile or interlocked mandible, general anaesthesia can be 

treacherous. It may not be possible to establish and maintain a clear airway; the mouth 
‘annot be pried open, the tongue pulled, or secretions aspirated from the throat. Lecal 
anaesthesia is much safer, and preference should be given to it whenever it is deemed 
feasible. ; 
In adults, surgical mobilization of the mandible can well be carried out with the aid of 
local and regional infiltration of novocain. The addition of an appropriate dose of a 
vasoconstrictor, such as epinephrine, aids hemostasis and counteracts reactions to pro- 
‘caine. The preliminary administration of a sedative, consisting of morphine and atrophine 
or one of the barbiturates, allays pain and reduces secretions, thereby contributing to the 
comfort of the patient. In nervous individuals, local anaesthesia should be supplemented 
with slow infusion of from 0.1 to 0.2 per cent. of sodium pentothal; but sedation should 
never be forced to the point at which protective reflexes are abolished. 

In children and extremely apprehensive adults, there is no alternative to general an- 
aesthesia. The ordinary inhalation mask is a constant source of annoyance to the surgeon 
when he is working in the vicinity of the face, and fails to assure a patent pathway to the 
lungs. Occasionally one may have to perform a preliminary tracheotomy and administer 
the inhalation anaesthetic through the tube within the windpipe. In general, however, 
nasal intubation is to be preferred. In children, the nasal tube can be inserted following 
a swiftly induced general anaesthesia. In adults, the nasal catheter is installed after 
topical application of one of the cocaine derivatives. 

After nasal intubation and the establishment of a patent airway, the inhalation agent 
is administered at some distance from the field of surgery. Narcosis need not be deep and 
may well be supplemented by local anaesthesia. A tracheotomy set must be available 
during the induction and emergency phases and for some time after the patient has re- 
gained consciousness. The airway may be obstructed as a result of aspiration of secretions, 
or due to laryngospasm or dropping of the mobilized mandible against the throat. Persons 
who have not chewed for a long period of time may not have strong enough muscles to 
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Fig. 1-A Fie. 1-B 
Surgical Mobilization of the Mandible 

The articular tubercle of the temporal bone, the adjacent portion of the zygomatic arch, the proximal 
portion of the ramus of the mandible and its processes are sesected through a subperiosteal approach 
which avoids injury te motor nerves and major blood vessels. As a rule, both temporomandibular joints 
are operated upon at intervals of two or three weeks. 

Fig. 1-A: The skin cut begins about an inch above the proximal pole of the helix; it curves backward, 
forward, and downward in the form of a question mark. The lower limb of the skin cut descends close 
to the anterior border of the ear, posterior to the point where the temporal artery can be palpated. It 
ends at the level of the tragus. 

Fig. 1-B: The skin incision is developed down through the temporalis fascia and the muscle to the 
calvarium. 


support the loosened mandible. The jaw must be held up by mild skeletal traction until 
the muscles of mastication have sufficiently regained their power of contraction. Until 
that time, a tracheotomy set should be kept in the patient’s room. 


Incision and Exposure 


Practically all the inadequacies of exposure of the temporomandibular joint are due to 
its proximity to the facial nerve. One must concede that it is not possible to expose this 
joint widely by a more direct approach without cutting one of the upper branches of the 
facial nerve. The approach proposed is devious, but it is safe, since it leads to the joint 
through a route where there are no motor nerves and very few blood vessels. 

The skin incision begins about two fingerbreadths above the highest point of ay helix; 
it curves down, backward, and then anteriorly, and descends in front of the ear, tracing 
a question mark. The distal limb of the skin cut is placed slightly posterior to wi super- 
ficial temporal artery, close to the anterior border of the ear. It ends at the level of the 
tragus (Fig. 1-A). The incision is developed through the deep fascia (Fig. 1-B). The upper 
pole of the temporalis fascia is stabbed, and a curved forceps is passed through the slit 
from above downward. The temporal fascia is split all the way down to the lower end of 
the incision, between the spreading jaws of the guide forceps. As it approaches the zygo- 
matic arch, the temporal fascia divides into two layers. Between these, surrounded by a 
pulp of fat and areolar tissue, passes the small middle temporal artery. The more constant 
and much larger superficial temporal artery lies outside the temporal fascia and muscle. 
In line with the fascial incision, the temporal muscle is split and its greater anterior portion 
is lifted off the underlying bone subperiosteally. It is reflected forward. The superficial 
temporal vessels and the temporal branches of the facial nerve, padded behind by the 
temporalis muscle, are retracted anteriorly. At the lower end of the incision, the anterior 


rHE JOURNAL OF BONE AND JOINT SURGERY 

















il 
il 





Y 





MOBILIZATION OF THE TEMPOROMANDIBULAR JOINT li 























2-A 


Fic. 


















Fig. 2-D 
Resection of Articular Tubercle and Posterior 
fae of the Zygomatic Arch 

Fig. 2-A: The articular tubercle of the tempo- 
ral bone reel out laterally; it constitutes the roof 
of the temporomandibular joint. The articular 
condyle of the mandible hides beneath and 
medial to the articular tubercle. This drawing 
demonstrates subperiosteal stripping and re- 
traction forward of the temporalis to reveal the 
zygomatic arch, under which its tendon passes 
to insert into the coronoid process of the man- 
dible. The dotted line indicates the incision 
through the capsule. The lateral portion of the 
capsule of the temporomandibular joint is in- 
cised in the line indicated, and the capsule is 
stripped down over the neck of the articular condyle. 

Fig. 2-B: The chisel is placed flush with the squamous portion of the temporal bone and is hammered 
toward the joint. It disconnects the entire posterior root of the zygomatic arch, and, with it, the ar- 
ticular tubercle of the temporal bone. 

Fig. 2-C: The zygomatic arch is bitten off with a rongeur, just in front of the point where it gives 
origin to the masseter. The anc horage of this muscle is not disturbed. 

Fig. 2-D: Shows the extent of the resection of the zygomatic arch and the articular tubercle needed 
to reveal the fused condyle of the mandible. The long axis of the condyle runs from outside medially 
and slightly backward. 











Fig. 2-C 
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auricular artery leaves the superficial temporal vessel and passes backward. If more room 
is needed downward, it is best to isolate this small twig and ligate it. 


Resection of Articular Tubercle and Adjacent Zygomatic Arch 


Exposure of the temporomandibular joint is sought through the musculoskeletal and 
trans-skeletal plane. The temporal muscle is traced down to its insertion into the coronoid 
process; the diverging limbs of the temporalis fascia, which connect with the inner and 
outer borders, respectively, of the zygomatic arch, are stripped forward (Fig. 2-A). The 
articular tubercle (eminentia articularis) of the temporal bone, which constitutes the pos- 
terior root of the zygomatic arch, 3s laid bare along its superior aspect. Inferiorly, the 
articular tubercle and the adjacent portion of the zygomatic arch are cleared subperi- 
osteally off the temporomandibular ligament and the joint capsule. When the mouth is 
closed, as is the case in temporomandibular ankylosis, the condyle hides behind and medial 
to the articular tubercle. A good view 
of the temporomandibular joint can- 
not be obtained unless the overlying 
bony prominence is chiseled off. A 
sharp osteotome is placed against 








Resection of Proximal Portion of the Ramus 
of the Mandible and Its Process 


Fig. 3-A: Two small curved periosteal re- 
tractors are passed around the neck of the 
condyle, one in front and one behind, care 
being taken not to penetrate the external 
auditory meatus with the posterior periosteal 
retractor. With a motor burr, the condyle of 
the mandible is softened and then bitten off 
with a rongeur. 

Fig. 3-B: The coronoid process of the ad- 
jacent proximal portion of the ramus is also 
resected, either “:th a rongeur or with a 
chisel. 








Fia. 3-A 
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cemnneenenidl ied Coronoid process resected 
by a rongeur i | 


Fia. 3-B 
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Fie. 3-C Fig. 3-D 


Fig. 3-C: A space which will admit the surgeon’s thumb is created; this space is packed with oxycel 
gauze. 
Fig. 3-D: Shows the wound closure. The shaded area indicates the extent of bone resection. 


the posterior root of the zygomatic arch, flush with the outer surface of the squamous 
portion of the temporal bone. The lateral roof of the temporomandibular socket, including 
the articular tubercle, is shaved off. The zygomatic process, posterior to the origin of the 
masseter, is severed (Fig. 2-B). When the resected tubercle and the adjacent portion of the 
zygomatic arch have been removed, the articular condyle can be seen and the nature of 
its fusion with the temporal bone can be ascertained (Figs. 2-C and 2-D). 


Resection of the Proximal Portion of the Ramus of the Mandible and Its Processes 


In general, the more bone resected from the proximal portion of the ramus of the man- 
dible and its processes, the better. Paradoxical as it may seem, a greater amount of bone 
must be resected in children, where osteogenesis is more exuberant. In ankylosis due to 
pyogenic joint disease and Marie-Striimpell type of inflammatory arthritis, resection of 
a segment across the waist of the ramus is a safer procedure than dislodging the solidly 
fused condyle by foree. Ordinarily, both the coronoid and condylar processes and the 
adjacent portion of the proximal part of the ramus are excised. When the coronoid process 
is resected, the temporalis, which inserts into it, loses its functional usefulness. (The fune- 








Fig. 4-A , Fig. 4-B 
Skeletal Traction 
Both as a preventive measure after injuries and postoperatively, following surgical mobilization of 
the jaw, traction through the mandible itself is regarded as expedient. ; 
Fig. 4-A: Traction through the body of the mandible with the aid of a Crutchfield tong. 
Fig. 4-B: Traction through the chin by a Kirschner wire and countertraction by a Crutchfield tong 
hooked to the skull. 
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Skeletal Traction in Preventing Stiffness at the Temporomandibular Joint 
In fracture-dislocations and crush fractures of the mandibular condyle and in depressed comminuted 
fractures of the zygomatic arch, timely use of skeletal traction may obviate otherwise inevitable im- 
mobility of the jaw. 

















Fig. 5-A Fia. 5-B 
Unilateral Traction by Mattress Wire in Fracture-Dislocations of the Temporomandibular Joint 
Fig. 5-A: Lateral roentgenogram of the mandible shows a twisted mattress wire which passes through 
the angle of the mandible and connects to a traction hook outside. 
Fig. 5-B: Showing the Minerva jacket and the weight-and-pulley arrangement over the breastpiece. 
The plaster cast prevents the head from tilting forward and avoids straii on the cervical spine. 











Fia. 5-C Fig. 5-D 
Fig. 5-C: Profile view with the mouth closed against the resistive force of a three-pound weight and 
grt avity. 
Fig. 5-D: Indicates the opening of the mouth. 
tion of the temporalis in elevating the jaw depends mainly upon the articular condyle, 
which seryes as the fulcrum to a second-class lever.) 
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Fic. 6-A Fic. 6-B 
Unilateral Traction by a Paddled Screw Inserted Vertically into the Angle of the Mandible 
This man had a comminuted fracture of the body of the mandible and fracture-dislocation of the right 
condyle. 
Figs. 6-A_ and 6-B: Frontal and profile views of the Minerva jacket and arrangement for screw-and- 
pulley traction. The paddle of the screw is connected to the head sd of the plaster jacket and traction 
is applied mid-way on the screw, converting it to a second-class lever 





Fic. 6-C 


Opening of the mouth, two months after injury. 


Preliminary to the excision of the proximal portion of the ramus and its processes, the 
‘apsular ligaments and the periosteum are stripped downward, so that the bone can be 
resected subperiosteally. The parotid gland sends a tongue upward, which curls around 
and fills the space behind the condyle and in front of the external acoustic meatus. The 
facial nerve enters the main body of the parotid gland farther down. In stripping the 
superior pole of the parotid and the periosteum off the posterior border of the mandible, 
care should be taken not to penetrate the external acoustic meatus. The anterior wall of 
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Fia. 7-C 
Postoperative Use of Skeletal Traction in Children 

Skeletal traction by a Kirschner wire through the chin is regarded as an important adjunct to the | 
surgical mobilization of the temporomandibular joint. Immediately after surgery, it holds the chin 
forward and prevents the loosened jaw from dropping backward and choking the patient; in the 
ensuing three to four weeks it stretches the contracted soft tissues and maintains, if not augments, the 
distance between the raw surfaces caused by resection of bone; it creates tension, against which the 
atrophic muscles of mastication can be made to contract and to regain their strength. In children, 
one runs the risk of causing dislocation of the cervical spine; it is best to immobilize the neck in a 
Minerva jacket. The breastpiece of the plaster jacket anchors the base of an adjustable pulley. 

Figs. 7-A and 7-B: Views of the Minerva jacket and the traction-pulley arrangement. 

Figs. 7-C and 7-D: Close-up views, showing the opening of the mouth. 
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Fic. 8-A 




















Fic. 8-B Fic. 8-C 


Postoperative Skeletal Traction in Adults 

Where there are good neck muscles and no active arthritis is 
present in the cervical spine, as much as thirteen pounds of weight 
may be tolerated through the chin when the patient is recumbent, 
and three to four pounds when he is up. 

Fig. 8-A: Photograph of the patient in bed with traction through 
the chin. A spring scale, serving as a link in the line of traetion 
registers the actual pull in pounds. 

Fig. 8-B: Clore-up profile view showing the Kirschner wire 
through the chin. 

Figs. 8-C and 8-D: Show the patient actively contracting his 
muscles of mastication against tensile stress, and with the mouth 
open. 

Fig. 8-I2: Frontal view shows the traction when the patient is 
up. A three-pound weight is attached to the horseshoe which con- 
nects with the Kirschner wire in the chin. 


the auditory canal can also be torn by vigorous pulling 
of the ear backward. In either instance, it is best not to 
suture the rent. At the termination of the operation, the 
canal is packed with a wick of oxycel gauze, down to the 
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these tears heal, but sometimes they result in stenosis of the external acoustic meatus and 
impairment of hearing. With the subperiosteal approach described, the facial nerve, which 
passes through the substance of the parotid gland, is not injured. 

It is a matter of individual preference as to how the condyle, the coronoid process, or 
the proximal ramus of the mandible is severed. With the incision advocated, the Gigli 
saw is hard to handle. It is possible to cut the bone with an osteotome, but better still is 
the combination of a burr and rongeur. An electric burr with an acorn tip is used to bore 














Fic. 9-A 








Fic. 9-B 
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Fia. 9-C 





Case 1. Unilateral congenital synos- 
teosis in a girl, aged ten. At birth the 
patient’s mouth could not be opened. 
When the lower jaw was forced down, 
the mandible was fractured on the left 
side. At the age of four, she was given 
ether anaesthesia and an unsuccessful 
attempt was made to pry the jaws apart. 
The child was fed through a hole left by 
a missing tooth. When she was six and 
one-half years old, an intra-oral operation 
was performed and, according to the re- 
port, the bridge of bone between the 
mandible and maxilla was resected. The 
day after the operation the mouth 
opened one inch, but began to close again 
within twenty-four hours. It had closed 
tightly in one month. The child was 
operated upon by the author on April 
29, 1948, when she was nine and one- 
half years old. At operation, the coronoid 
process of the left mandible was found to 
be fused to the left zygomatic arch; the 
ramus was continuous with the maxilla 
in front, and there was a tight band ex- 
tending from the styloid process of the 
temporal! bone to the angle of the man- 
dible; the left temporal muscle was com- 
pletely absent. 


ity 


Tih 





Fig. 9-A: Preoperative lateral roent- Fic. 9-G Fic. 9-H 
genogram of the left temporoman- 
dibular joint shows complete osteosyn- 
thesis between the ramus of the mandible and the maxilla in front, and between the coronoid process and 
the zygomatic arch. The arrows point to a solid mass of bone. 
Fig. 9-B: In occipitomental view the solid mass of bone is seen on the left side. 
Figs. 9-C and 9-D: Postoperative lateral roentgenograms with the mouth closed and open. 
Figs. 9-E and 9-F: Preoperative photographs show the great muscular effort required to open the mouth. 
Figs. 9-G and 9-H: Four months after surgery. Three months later the child’s mouth opened one- 
quarter of an inch more; there was good side-to-side grinding or pterygoid action. 





several holes through the outer plate of the condyle or the ramus, and the septa between 
these are bitten off with a rongeur (Fig. 3-A). After the inner table has been cut, a curved 
periosteal elevator is passed from above downward, in order to protect the internal maxil- 
lary artery; this passes medial to the bone, but is separated from it by the collateral liga- 
ments and, farther forward, by the external pterygoid. The jaw is pushed up over the 
periosteal elevator, and the proximal portion of the ramus of the mandible and its processes 
are nibbled until a space not less than two centimeters is created (Fig. 3-B). 
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Case 2. Bilateral interlocking due to 
old arthritis, possibly of traumatic ori- 
gin. The patient was a man, twenty-eight 

vears of age. At the age of ten he had 
been hit by an automobile and his “jaw” 
had been broken. It was set, but he raae 
not open his mouth afterward. The lower 
jaw receded and he fed himself through 
the space left by malocclusion. A roent- 
genographic report on December 6, 1947, 
was as follows: ‘Examination of the 
temporom: andibular joints in open and 
closed positions reveals relatively little 
: motion’. The right —— andibular 
MG "G. 10- joint was operated upon December 5, 
a ssa 1947; the left, January 5, 1948. 

Figs. 10-A and 10-B: Preoperative pho- 
tographs show the extent of opening of the 
mouth and the space left by malocclusion. 

Figs. 10-C and 10-D: Photographs six 
months after operation on the left side, and 
seven months after operation on the right. 











Where the condyle has not 
firmly fused to the temporal bone, it 
is removed; where there is bony 
fusion between the posterior border 
of the ramus and the petrous or 
tympanic portion of the temporal 
bone, more bone is excised from the 
ramus; in congenital synosteosis be- 
tween the mandible and maxilla, more bone is resected from the anterior border of the 
ramus. In all instances, a finger is passed into the space created by the resection of bone. 
All bone chips are removed and sharp spicules are smoothed. The articular socket of the 
temporal bone sends an apron-like projection medially, which descends almost two 
centimeters downward. It is best to resect this portion of the temporal bone, but to leave 
the roof of the socket undisturbed. The cavity created is packed with oxycel gauze snugly, 
but not tightly (Fig. 3-C). This pack prevents any possible contact of the raw surfaces 
of the bones; it fills the space between them and obviates oozing and accumulation of 
blood and exudates. Oxycel gauze is said to retard osseous proliferation. The temporal 
fascia and the skin are closed over the oxycel pack (Fig. 3-D). 








Fia. 10-C Fia. 10-D 


After-Care 

When general anaesthesia is given, the patient must be protected from choking himself 
immediately after the operation. This accident sometimes occurs after surgery of the 
lower jaw, and can well be obviated by skeletal traction, which prevents the mandible 
from dropping back against the throat. When one temporomandibular articulation is free 
and the other is fused, skeletal traction is instituted immediately after the surgical mobili- 
zation of the ankylosed joint. When both sides are fused, one joint is mobilized at a time 
with a period of two to three weeks intervening. During this interval the ankylosed articu- 
lation acts as a splint for the joint which has been operated upon, and skeletal traction is 
not needed. However, traction should be instituted at the termination of the second opera- 
tion, and the patient should not be allowed to go through a night without traction until 
he has regained muscular control of his jaw. 
Skeletal Traction 

This serves several other useful purposes: It keeps the raw surfaces of bone distracted, 
and thereby prevents reunion: it pulls the chin forward and holds it there until the cut 


end of the ramus becomes sealed over in its new surrounding; and, finally, it offers the 
atrophic muscles of mastication a tensile stress against which they may contract and regain 
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Fig. 11-A Fig. 11-B 


‘ase 3. Unilateral bony ankylosis due 
a" pyogenic arthritis. The patient was 
a woman, aged eighteen. At the age of 
six, she had had a sore throat which was 
followed by septic arthritis of both hips, 
both knees, and the right temporoman- 
dibular joint. Drainage from these joints 
occurred intermittently until about the 
age of twelve. 





Fig. 11-A: Lateral roentgenogram of 
the right temporomandibular joint. Note 
the extensive sclerosis and almost com- 
plete effacement of the articular space 
between the arrows. 

Fig. 11-B: Lateral roentgenogram L 
showing the resection of the mandibular “yp ; i. 

. Nie : : Fia. 11-€ Fig. 11-D 
ramus. Note that more bone has been 
taken from the ramus farther down. 

In pyogenic joint disease and in the 
Marie-Striimpell variety of inflammatory 
arthritis, where the ankylosis at the joint 
is firm, it is best to resect more bone 
from the mid-portion of the ramus than 
proximally. 

Figs. 11-C and 11-D: Preoperative 
photographs show the extent of opening 
of the mouth. 

Figs. 11-E and 11-F: Postoperative 
photographs, taken eight months later, 
show the degree to which the mouth ean 
he opened actively. 








their power (Figs. 4-A to 8-I). ; 1 —_ . i 

In fracture-dislocations of the Fig. 11-K Fic. 11-F 
mandibular condyle, with inter- 
locking at the joint, unilateral traction may be applied through the angle of the jaw by 
either wire or screw (Figs. 5-A to 6-D). After surgical mobilization of the jaw, traction 
through the chin is better, since it overcomes recession and prevents the mandible from 
dropping back against the throat. Occasionally in Marie-Striimpell arthritis, some of the 
segments of the cervical spine may be the seat of inflammatory activity and yet remain 
unfused ; skeletal traction through the mandible will cause strain and result in added pain 
in the cervical spine, unless counteraction is provided by traction upward from the skull or 
by a head-and-torso plaster jacket. 

In children the cervical vertebrae become dislocated with greater ease. Here skeletal 
traction through the mandible may cause subluxation at the atlanto-axial segment; as a 
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precautionary measure, the head and the torso are encased in a plaster jacket and the 
forehead is prevented from tilting forward (Figs. 7-A to 7-D). Adults with anormal 
cervical spine and strong muscles will tolerate as much as thirteen pounds of traction 
through the chin. For children, three to four pounds will suffice. Traction is maintained 
for as long as the wire through the mandible is tolerated,—usually for about five weeks. 
The weight is reduced when the patient is up and gravity comes into play (Figs. 8-A to 
8-E). 


SUMMARY 


A method has been propounded for mobilization of an ankylosed or interlocked tempo- 
romandibular joint. It consists of two basic tenets: (1) resection of the articular ends of 
bones and (2) skeletal traction. For surgical mobilization of the mandible, it is important 
that the incision should avoid the larger blood vessels and the upper branches of the 
facial nerve; that the temporomandibular joint be approached from above and back, 
downward and forward subperiosteally, under the temporalis and through the base of the 
articular tubercle of the temporal bone; that a wide segment of bone be resected from 
around the joint, mostly from the mandible, so as to create a space; and that the cavity 
excavated be packed by some material which will prevent seepage and hematoma and 
keep the raw surfaces of bone from coming together and reuniting. Oxycel gauze is both 
hemostatic and slowly absorbable, and has been shown to counteract proliferation of bone; 
it is well suited for use as a pack. If possible, the cavity created should not communicate 
with the ear. If the external acoustic meatus has been perforated inadvertently, it is best 
not to suture the rent, but rather to pack the ear canal up to the tympanic membrane 
with a wick of oxycel gauze. © 

The pattern of bone resection in and around the temporomandibular joint admits of 
several variations: 

1. When the articular condyle has become firmly fused to the temporal bone, resection 
of a segment from the ramus farther down is deemed safer than gouging the condyle out 
of its solid matrix at the base of the skull. 

2. In pyogenic arthritis, caused by extension of infection from the middle ear, more 
bone is chiseled off the posterior border of the ramus in order to gain a wider space between 
the mandible in front and the tympanic plate behind. 

3. In congenital synosteosis between the mandible and the maxilla, more bone is ex- 
cised from the anterior border of the ramus. 

Skeletal traction through the mandible is considered beneficial for injuries te the 
temporomandibular joint and after operation. It is suggested that, in some fractures and 
dislocations of the articular condyles and in comminuted depressed fractures of the zygo- 
matic arch, the timely institution of skeletal traction will prevent the fixation of the jaw 
which often follows these injuries. After surgical mobilization of the mandible, skeletal 
traction through the chin is regarded as expedient; it has many advantages over the old- 
fashioned wedge or mouth gag, which exerts only static pressure against the teeth. The 
stress caused by skeletal traction is dynamic, and the pin through the mandible is well 
tolerated. Skeletal traction augments the space created by excision of bone; it keeps the 
raw surfaces of bone apart, and aids the muscles of mastication to contract against tension 
and regain their strength. Moreover, when both temporomandibular joints are subjected 
to resection and the muscles of mastication are weak, as they invariably are in long- 
standing immobility of the mandible, the jaw drops toward the throat and makes breath- 
ing difficult. The loosened mandible must be lifted away from the throat and held up by 
skeletal traction. 
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TRIALS AND TRIBULATIONS IN ATTEMPTED 
FEMORAL LENGTHENING * 


BY H. R. MCCARROLL, M.D., ST. LOUIS, MISSOURI 


From the Shriners’ Hospital for Crippled Children and the Department of Surgery, 
Washington University School of Medicine, St. Louis 


The deveiopment of surgical procedures for the correction of inequality of limb length 
closely parallels the development of orthopaedic surgery itself. Advance in operative 
surgery is, as a rule, synonvmous with simplification, and equalization of limb length is 
no exception. The more difticult procedures of femoral shortening and femoral lengthening 
were advocated first. Abbott, in 1927, reported his operation for lengthening of the tibia 
and fibula, and Phemister, in 1933, reported his operation for epiphyseal arrest. By com- 
parison, Phemister presented a very simple operation, and during the past fifteen years its 
almost universal use has reduced to a small proportion the number of major operations 
performed for equalization. Still more recently, the experimental work of Haas has made 
possible temporary closure of the epiphyses, and the recent report of Blount and Clarke 
indicates that accurate growth control can be assured by this relatively simple surgical 
procedure. 

In spite of these rapid strides in the simplification of measures designed to reestablish 
limb length, we still encounter an occasional individual who is too old for surgery on the 
epiphyses and in whom femoral lengthening seems to be the most desirable procedure from 
a clinical standpoint. An individual (particularly a boy) who is extremely short can hardly 
sacrifice more height through femoral shortening without feeling that he has been handi- 
capped needlessly. If the shortening is largely or entirely in the femur, lengthening of the 
tibia results in a peculiar appearance, because the knees are at different levels. In the 
occasional case, therefore, lengthening of the femur still represents the most desirable 
procedure. 

After the operation for femoral lengthening has been chosen, the big problem has 
always been how best to attempt the actual bone lengthening. Many technical variations 
have been used, and several of them will be discussed here. 

Codivilla, in 1905, reported an attempt at femoral lengthening by an oblique femoral 
osteotomy and skeletal traction through the calcaneus. Traction was applied briefly with 
the patient under anaesthesia, and the increased length was maintained by immediate 
application of a plaster spica. Codivilla attempted to repeat the application of traction 
at regular intervals. He reported twenty-six cases treated in this manner, eleven of which 
were malunited fractures. The gain in length varied between 3 and 8 centimeters. Freiberg, 
in 1912, reported a case treated by this method. Magnuson " reported fourteen cases of 
operative lengthening of the femur in which traction was applied for twenty to thirty 
minutes by means of a Hawley table. Magnuson reported considerable shock from the 
operation, and one of his patients died. 

Putti made a definite contribution in 1921, when he reported the use of traction and 
countertraction, applied directly to the femur. He used one pin above the site of osteotomy 
and one below, inserting them not only through the lateral aspect of the thigh, but through 
both cortices of the femur; the two pins were connected with a telescopic tube and a spring 
extension mechanism. Abbott and Crego, in 1928, experienced considerable difficulty with 
Putti’s method, stating that the pins usually pulled out of the cortex and that control of 
the position of the fragments was difficult or impossible. Shortly thereafter, Abbott placed 


* Read at the Annual Mecting of The American Orthopaedic Association, Colorado Springs, Colorado, 
May 19, 1949. 
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the operation on a more sound technical and scientific basis by the development of the 
following methods: 

1. Insertion of the pins through the entire femur and thigh to prevent them from 
pulling out. 

2. Insertion of the upper pin in a vertical rather than a horizontal plane to avoid 
possible injury of the major vessels. (Abbott credits E. C. Bull, M.D., with this idea.) 

3. The use of three pins, one above and two below, in an attempt to maintain better 
control of the fragments. 

4. The use of four pins, two above and two below, for the same reason. 

5. The use of a single-unit extension mechanism by means of coil springs on parallel, 
threaded bars. 

6. The use of the Hoke traction plaster splint with skeletal traction through a 
single pin. 

Even with these advances in technique, difficulties were encountered. From this point 
we have proceeded by a trial-and-error method, in an attempt to discover some means by 
which the operation could be more safely and accurately performed. The story of these 
trials and errors, and of the difficulties and catastrophes which followed, is presented in 
this paper. 

More recent reports in the literature include those of Compere and of Bost. Compere, 
in 1936, advised the simultaneous insertion of a cortical graft to bridge the defect resulting 
from bone lengthening, in an attempt to decrease the incidence of non-union. True non- 
union, however, has not been encountered in the series reported here. Bost, in 1944, de- 
scribed a four-pin method for femoral lengthening, a spring extension mechanism being 
used on parallel threaded bars. He described his own operative technique which, in addi- 
tion to a Z-shaped osteotomy, included extensive division of the soft tissues in order to 
decrease the resistance of these structures. Other than this, his method differed from that 
of Abbott primarily in the direction of the two pins used in the proximal fragment. Bost 
used one pin vertically and one obliquely. 

The ability to gain increased bone length in this series of cases has not been a major 
problem. Insiead, the principal difficulty has been inability to maintain adequate align- 
ment and opposition of the two fragments. 

Abbott performed the first operation for femoral lengthening at the St. Louis Unit 
of the Shriners’ Hospital for Crippled Children on January 18, 1926. In that instance the 
upper pin was inserted only through the anterior surface of the thigh and it immediately 
pulled out (Fig. 1-A). The lengthening was continued by straight skeletal traction through 
the distal pin, and an increase of two inches in length was obtained (Figs. 1-B and 1-C). 
In the second case, for which the operation was performed on July 19, 1926, two pins were 
also used, but both were inserted transversely through the entire diameter of the femur 
and thigh. The upper pin was inserted from within outward, through an incision which 
descended inferiorly from the origin of the adductor longus for a distance of three to four 
inches. The femoral vessels were lifted anteriorly and the pin was drilled through the 
adductor muscles, the shaft of the femur, and the tissues on the lateral aspect of the thigh. 
This incision was then closed and the remainder of the operation was carried out in the 
usual manner. In his sixth case, for which the operation was performed on November 29, 
1926, four pins were used, two above and two below the osteotomy site. The upper pins 
were inserted transversely, as already described. Because control of the fragments was 
still difficult with the use of four pins, Abbott continued to experiment with two pins and 
occasionally with four. 

In his seventeenth femoral lengthening, performed on April 15, 1929, Abbott used 
only one pin with skeletal traction in a Thomas splint after an oblique osteotomy. Three 
inches in length were obtained, but complete sciatic paralysis followed, and recovery from 
this required several months. In his twenty-first case, for which operation was performed 
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Fig. 1-B 


Fig. 1-A: Abbott’s first case of femoral lengthen- 
ing by the method described by Putti. The upper 
pin, inserted through only one cortex, readily 
pulled out. Straight skeletal traction was con- 
tinued through the lower pin and a gain of two 
inches was obtained. 

Fig. 1-B: A fracture subsequently occurred, but 
healed readily. This shows the degree of union 
present at twenty-seven months. 

Fig. 1-C: Preoperative und postoperative photo- 
graphs of patient. Two inches in length were gained. 


on April 21, 1930, one pin was used below 
the Z-shaped osteotomy and traction was 
obtained by the Hoke method, the well leg 
being utilized for countertraction in a plaster 
spica. An increase in length of two and one- 
half inches was obtained. 

The next operation was attempted in a 
similar manner, but failure resulted. This 
operation was performed by Bull, who was 
visiting at the time; heavy fish-line silk was 

Fia. 1-C tied about the bone fragments at the osteot- 

omy site in an attempt to maintain align- 

ment. No separation of the fragments was obtained and callus formed readily. One month 
later Abbott reopened the incision at the osteotomy site, but still only one inch of added 
length was obtained. The same procedure was tried in another case, but pressure sores 
developed while the limb was in the cast, and only one inch of increased length resulted. 
Still another case was treated in a similar way, flexible wire loops being used to maintain 
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alignment of the fragments, but difficulty was encountered in getting the fragments to 
separate. 

A total of thirty-seven cases have been treated by surgical lengthening of the femur 
at this Hospital; twenty-six of these operations were performed by Abbott, including the 
one in which Bull also participated. The last operation which Abbott did was performed 
on November 24, 1930, so that the twenty-six cases were treated over a period of approxi- 
mately five years. The maximum gain in length was three and one-half inches; the mini- 
mum was one inch. An average increase in length of 2.1 inches was obtained. Only eleven 
cases have been treated by femoral lengthening in the eighteen-year period since that 
time. Five of these operations were performed by C. H. Crego, while the author has per- 
formed the last six. 

In Abbott’s series of twenty-six cases, several serious complications were encountered. 
Most of these have been mentioned in his earlier reports and have been adequately dis- 
cussed by Compere. Pronounced angulation of the fragments occurred in eight cases, 
infection of the pin holes in five, and sciatic paralysis with ultimate recovery in five. Re- 
fracture at the same site, either immediately or within six months after operation, occurred 
in four cases; marked stiffness of the knee followed in two cases; and there was one case 
each of operative-wound infection with osteomyelitis, fat embolism, flare-up of an old 
osteomyelitis, and acute postoperative endocarditis. In one case the upper pin pulled out, 
and in another the hip on the same side was dislocated by traction. 

These problems prompted Crego to use the Hoke well-leg countertraction principle 
in three of his five cases. Even then it was almost impossible to keep the fragments in 
line, and the final increase in length was always obtained by simple skeletal traction in a 
Thomas splint. Since in each case simple skeletal traction was ultimately used, it seemed 
logical to use such traction primarily. This method had been reported in 1933 by Haas, 
who used a high oblique osteotomy. He recommended the lengthening with simultaneous 
correction of a coexisting coxa vara. We observed one case which had been treated by 
Haas and he, too, had encountered great difficulty in maintaining alignment of the frag- 
ments. Nevertheless, skeletal traction was next tried in our series, in conjunction with a 
supracondylar Z-type of osteotomy. Complete separation of the fragments followed, and 
great difficulty was encountered in preventing them from actually producing a compound 
wound. An increase in length of two inches was obtained, however. It was obvious that 
some more accurate means of controlling the fragments was essential before this operation 
could be undertaken with safety and with assurance of success. 

The next step in this trial-and-error process was the attempted use of a method which, 
although unknown to us, had previously been described by Magnuson. Had we been 
aware of his work at that time, we would undoubtedly have avoided the catastrophe which 
followed. With traction exerted while the patient was on the operating table, at the time 
of a Z-shaped supracondylar osteotomy, a gain in length of about one and one-half inches 
was obtained over a period of twenty to thirty minutes. The fragments were then held in 
position by three screws (Fig. 2-A). No immediate complications were encountered and 
the circulation seemed adequate at the time the plaster cast was applied. Sensation in 
the toes was absent following the operation, and twenty-four hours later there was evi- 
dence of impaired circulation in the foot and toes; this necessitated splitting of the plaster 
vast. At the end of forty-eight hours the entire leg was cold below the knee, arterial pulsa- 
tions had disappeared from the foot, and a distinct color change was apparent just below 
the osteotomy site. 

The patient was returned to the operaiing room at this time; the wound was opened; 
the screws were removed; and the fragments were replaced in their original position and 
again fixed with screws. There was no improvement in the circulation, however, and at 
the end of seventy-two hours there was evidence of gas in the tissues about the foot and 
ankle, although no gas had been encountered at the time of the second operation. Multiple 
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Fig. 2-A Fig. 2-B 


Fig. 2-A: In the author’s second case, lengthening was obtained by Magnuson’s method, with skeletal 
traction applied at the time of operation. The length was increased one and one-half inches during a 
period of twenty to thirty minutes, and the fragments were held by transfixing screws. 

Fig. 2-B: Gangrene necessitated amputation through the osteotomy site after eight days. This 
roentgenogram shows osteomyelitis and a sequestrum in the stump after four months. The sequestrum 
was removed at that time. 


long incisions were made immediately in the skin, fascia, and muscles of the foot, ankle, 
leg, and lower thigh. Massive doses of gas-bacillus antitoxin were used, with repeated 
blood transfusions and large amounts of sulfonamides. (Penicillin was not available at that 
time.) The gas spread rapidly throughout the tissues of the thigh and about the entire hip, 
and extended upward over the abdomen to cover the lower portion of the thoracic cage 
Multiple long incisions were made repeatedly over the involved areas, as the gas continued 
to spread. Further spread of the gas then ceased and the patient’s general condition began 
to improve. A definite line of demarcation gradually appeared at the level of the osteotomy 
site, and the extremity distal to this point became completely gangrenous. 

On the eighth day, a guillotine type of amputation was performed through the site 
of the original osteotomy. Osteomyelitis developed in the proximal fragment (Fig. 2-B), 
and a revision of the stump with excision of a sequestrum was carried out four months later. 
A satisfactory stump was obtained, and a prosthesis has been used without difficulty. 

The next step in this chain of events was the use of a supracondylar Z-shaped osteot- 
omy; a longitudinal slot, cut in the outer fragment, permitted it to slide along two screws, 
inserted loosely through the slot into the opposite fragment (Fig. 3). In this manner 
apposition of the two fragments was maintained.* An increase in length of two inches was 
obtained as planned, but the added surgery, trauma, and removal of bone resulted in 
delayed union. Union, in fact, was extremely poor at seven months, and a fracture occurred 
as a result of a trivial injury. At the end of ten months the screws were removed and the 
area was reinforced with iliac-bone grafts, after which fairly satisfactory union was 
obtained. 

It was reasoned that, if control of the fragments could be maintained in this fashion, 
the same principle could be followed in a subtrochanteric Z-shaped osteotomy, a slot in a 


* Credit for this idea belongs to John R. Schwartzmann, Resident in the Hospital, and the operation 
was performed with him. 
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commercial blade-plate (Fig. 
4) being used for fixation and 
control of the fragments. On 
April 4, 1946, the first oper- 
ation of this type was per- 
formed. The only difficulty 
encountered was in cutting 
smoothly the posterior cortex. 
The reciprocator mechanism 
on a Luck saw would not 
effect the cut, and it was com- 
pleted with a thin osteotome. 
An increase in length of two 
inches was obtained in three 
weeks, with skeletal traction 
of seventy pounds in an ordi- 
nary Thomas splint. Align- 
ment and apposition of the 
fragments were maintained 
satisfactorily (Figs. 5-A, 5-B, 
and 5-C). 

Three operations 
now been performed in this 
manner. For the second one 


have 


a circular-saw blade was pre- 
pared, three inches in diam- 
eter, with which a longitudi- 
nal cut through the posterior 
cortex could be made smoothly 
and easily. Again an increase 
of two inches in length was 
period of 


obtained over a 


three weeks, with skeletal 
traction of seventy pounds. 
In the third 
which shortening of 
inches had resulted from a 
disturbance of growth due to 
osteochondromata, the hip 


joint was normal. (In the two 


case, in 
two 


previous cases, the hip had 
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Fie. 3 
Supracondylar osteotomy with a slot cut in the distal fragment to 
serve as a guide as lengthening proceeded. (Method devised by John 
R. Schwartzmann, M.D.) Increase in length was obtained, but 
delayed union and fracture followed. 























Fig. 4 
Slotted blade-plate used for control of fragments as lengthening 
develops after subtrochanteric Z-type of osteotomy. This was used in 
author’s last three cases. 


been stiff.) The mobility of the proximal fragment increased the operative difficulty. The 
blade of an ordinary blade-plate was apparently too wide for the narrow cavity of the 
femoral neck. After the blade had been partially inserted, the impingement made it im- 
possible either to insert it farther or to extract it. One and one-half hours of hard work 
followed before the blade was finally removed; considerable damage was inflicted upon 
the articular cartilage of the hip, and it appeared hemorrhagic in areas. The operation 
was then completed with a much shorter blade. Traction of ninety pounds was required 
to gain two inches in length during a three-week period. 

The traction must be maintained for approximately twelve weeks before sufficient 


callus forms to ensure maintenance of length after a plaster cast has been applied. Roent- 


genographic examination is repeated at intervals of two weeks during this period. 
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Fig. 5-A Fig. 5-B 
Fig. 5-A: Shows maintenance of alignment and 
beginning union after four and one-half months, 4 


in the first case in which lengthening was achieved 
by the slotted blade-plate method. 
Fig. 5-B: Degree of union after two and one-half 
years. The blade-plate was removed after one year 
and the site of osteotomy was reinforced with | 
iliac-bone grafts. 
Fig. 5-C: Preoperative and postoperative photo- 
graphs show gain in length of two inches. [ 
; 
{ 


The roentgenogram taken at eigti 


‘ 
L 


weeks showed the hip in a satisfactory posi- } 
tion (Fig. 6-A). The one at ten weeks did net 
adequately include the hip but, since the 
osteotomy was well visualized, the film was 
not repeated. At twelve weeks the roent-_ | 
genogram revealed, much to our surprise, a | 
complete inferior dislocation of the hip (Fig. 
6-B). Traction was immediately removed | 
and a plaster spica was applied after the 
dislocation had been easily reduced. In view 
of the trauma inflicted on the femoral head | 

Fig. 5-C at the time of operation, and a subsequent 
dislocation, we feared that aseptic necrosis of the femoral head might result. After one 
year, there was some flattening and irregularity of the head (Fig. 6-C), even though the 
hip had been continuously protected from weight-bearing. 

A study of this series of cases would indicate that a subtrochanteric Z-type of osteot- 
omy with the use of a slotted blade-plate, for control of the fragments as length is in- 
creased, is the most satisfactory method known at present for femoral lengthening. The 
details of the surgical procedure and the all-important postoperative care may be described 
briefly as follows: 
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The hip and the entire upper third of the femur are exposed through a Smith-Petersen 
type of approach, which is extended distally the required distance, then curved posteriorly 
to afford better lateral exposure by division of the iliotibial tract. A longitudinal cut, five 
inches in length, is made through the mid-portion of the anterior cortex of the femur, 
beginning at a point just distal to the flare of the greater trochanter. An ordinary circular- 
saw blade is used. A larger blade, three inches in diameter, is then used to make a similar 
parallel cut through the posterior portion of the cortex, the blade being inserted through 
the anterior cut previously made. With a Gigli saw, a transverse cut is made through the 
medial half of the cortex at the inferior point of the longitudinal cuts. With a circular-saw 
blade, the outer half of the cortex is cut transversely at the superior extremity of the 
longitudinal cuts. A thin osteotome is used to gently free and separate the two fragments. 
The cut surfaces are found to be perfectly smooth and even, and the two fragments are 
equal in size. 

The slotted blade-plate is then inserted in the usual manner until the plate comes into 
contact with the cortex of the outer fragment. A transfixing screw is inserted into the 
trochanter at the angle of the blade-plate. The slot in the blade-plate is two and one-half 
inches long and wide enough for the head of the screw to pass through easily. This amount 
of width permits the screw to glide easily along its course. A metal washer, containing 
screw holes one-half inch apart, is prepared from the same metal of which the blade-plate 
and screws are made. The holes in the washer are comparable to the screw holes in any 
bone plate, and are large enough to accommodate the shaft of the screw, but not the head. 
A drill hole is then made through the outer fragment resulting from the osteotomy, at the 
upper point of the slot in the blade-plate. A three-quarter-inch screw is placed through 
one hole of the washer and is anchored into this drill hole in the outer fragment. It is 
allowed to engage the entire thickness of the cortex of the outer fragment, but is not tight- 
ened against the washer. With the second hole of the washer as a guide, a second screw 
is attached to the outer fragment, one-half inch distal to the first screw. The metal washer 
remains loose between the blade-plate and the heads of the screws, and thus is permitted 
to glide along the course of the slot as traction is applied later. This mechanism can be 
demonstrated with momentary manual traction at the time of operation. Since the slot 
in the blade-plate is two and one-half inches long, and the screws are one-half inch apart 
and are inserted at the superior portion of the slot, it is obvious that an increase of two 
inches in length will have been obtained when the screws come into contact with the lower 
pole of the slot. If a greater increase in length is desired, a blade-plate with a longer slot 
can be used. 

After the operation has been completed, a threaded wire is inserted through the lower 
portion of the femur and another through the upper portion of the tibia, and traction bows 
are added. Two wires are used, for division of the strong pull and for maintenance of the 
traction in the event that one wire breaks. The patient is returned to bed, the lower ex- 
tremity is suspended in an ordinary Thomas splint, and traction of forty pounds is added. 
The foot of the bed is elevated, so that the body weight can be used for countertraction. 
After about five days, the traction is increased to sixty pounds. Repeated portable roent- 
genograms are obtained and the traction is increased as necessary, in order to ensure that 
the entire increase in length is accomplished within a period of three weeks. Once the de- 
sired length has been obtained, the two screws in the slot of the blade-plate will prevent 
a further increase. It is important, however, not to reduce the amount of traction after 
the desired length has been gained. Instead, the total pull should be continued until roent- 
genograms reveal sufficient callus to maintain the position after release of traction and 
application of a plaster spica. This usually requires twelve weeks from the date of opera- 

tion. During this time, roentgenograms are obtained at intervals of two weeks. 

The plaster spica is continued for six months, or until there is evidence of adequate 
bony union. Gradual weight-bearing with the aid of crutches is then permitted. The plate 
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was removed in each of the three cases at the end of one year. In two patients, the osteot- 
omy site was reinforced with cancellous bone from the corresponding ilium at the time 
the plate was removed. 

It is obvious that the operation for femoral lengthening is a serious undertaking. The 
possible complications are great, both in number and magnitude. Prolonged hospitaliza- 
tion is required, constant attention to detail, and at least one year of the patient’s life. 
All of these factors should be seriously considered and discussed with the patient before 
a final decision is made. If any simpler alternative measures can be utilized with anticipa- 
tion of satisfactory results, or if the patient is willing to use a permanent lift on the shoe, 
femoral lengthening should not be attempted. Perhaps the difficulties and complications 
are so great that we should place the operation in complete discard; certainly before it is 
considered, several requirements must be evaluated carefully. These may be listed briefly 
as follows: 

1. Shortening of one lower extremity of at least one and one-half inches must be 
present. 

2. The individual must be too old for epiphyseal arrest and yet not past the young- 
adult stage. 

3. The individual’s stature must be so short that femoral shortening is wholly 
undesirable. 

4. The shortening must be located principally or completely above the knee, rather 
than below. 

5. The hip on the involved side must be stiff. 

6. The extremity must be brace-free as regards the knee and leg. 

7. The individual must be one who is unwilling to maintain a permanent lift on the 
shoe. 

8. The individual’s temperament and make-up must be such that one could expect 
him to endure the hardships of such surgery without undesirable emotional complications 
resulting. 

An attempt has been made to analyze this series of thirty-seven femoral lengthenings 
in such a way as to produce an appreciation of the trials and tribulations involved. Many 
different methods of performing the operation have been utilized, and no single one is 
free from possible complications or even from catastrophe. These complications are so 
numerous and the prerequisites are so exacting that few patients can be classified as 
suitable for this procedure. For that rare individual, however, who presents all the neces- 
sary prerequisites and is willing to endure the required time, discomfort, and inconven- 
ience, the use of the slotted blade-plate seems, at present, to afford a relatively safe and 
accurate method of performing the operation for femoral lengthening. 

Note: The author wishes to express his thanks to LeRoy C. Abbott, M.D., and to C. H. Crego, M.D., for 
permission to study their cases, and to pay tribute to Dr. Abbott, who performed twenty-six of the thirty- 
seven operations reported here. One cannot study this series of cases without great admiration for the 
ingenuity, convictions, and surgical ability of a man who did such pioneer work almost a quarter of a century 
ago. All credit for the development of the operation in this country and its eventual establishment on a 
sound scientific basis should be given Dr. Abbott. 
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DISCUSSION 

Dr. LeRoy C. Assorr, SAN FrANcisco, CALIFORNIA: I am very grateful to Dr. McCarroll for the 
privilege of discussing his excellent paper, in which he has traced the development of operative lengthening 
of the femur at the Shriners’ Hospital for Crippled Children in St. Louis. 

Over a period of seven years, a group of us performed bone-lengthening operations on the lower ex- 
tremities of seventy-three patients; forty-seven had lengthening of the tibia and fibula, and twenty-six had 
lengthening of the femur. I believe that lengthening was secured in enough cases of this large series to make 
the procedure worth while, for all of the surgeons at the Shriners’ Hospital at that time were enthusiastic 
about bone lengthening. Furthermore, the operations were carried out at the same time, in one Hospital, 
and under conditions which were ideal for a procedure of such great magnitude. 

In this paper Dr. McCarroll has made important contributions to the subject of bone lengthening. His 
analysis of the cases was made from a purely objective standpoint, and he concluded that operative length- 
ening of the femur is a highly technical and hazardous undertaking, fraught with the danger of serious 
complications. It should not be attempted by the inexperienced surgeon. In addition, he showed that the 
procedure can be simplified and the desired length can be obtained by skeletal traction on the lower fragment, 
with countertraction secured by the body weight of the patient. This is a progressive step, because it reduces 
considerably the hazards of the operation. As Dr. McCarroll has demonstrated, the ideal case is one where 
the hip is ankylosed. With his method, control of the position of the fragments is secured by a slotted plate. 
In my opinion, adequate control might be obtained by an intramedullary pin. 

A further contribution made by Dr. McCarroll is the application of traction above and below the knee. 
This minimizes the pressure on the cartilaginous surfaces of the joint and, therefore, the chances of occurrence 
of a stiff knee,—a complication which is resistant to all forms of treatment. 

I am interested in Dr. McCarroll’s method because he has not found it necessary to do extensive division 
of the soft parts. I have always felt that this step, together with adequate apparatus for control of the soft 
parts, is an important part of the operation. In this respect I think Dr. Frederic Bost’s procedure is the best 
because, as far as I am aware, his results show better control of the fragments. 

As I have stated on numerous occasions, the procedure of limb lengthening has yielded valuable allied 
information. From experience with the operation, we have learned the points of fixation of important blood 
vessels and nerves in the lower extremity,—knowledge which is valuable in operative treatment of lesions of 
these structures. Furthermore, principles of limb lengthening are applicable to the treatment of complicated 
fractures, both open and closed, and to the treatment of old fractures in which angulation of the fragments 
has produced a shortening in the bone. Some of the more popular apparatus used for treatment of fractures 
by multiple-pin fixation are nothing more or less than modifications of the apparatus for limb lengthening. 
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ENDOSTEAL-BONE FORMATION IN ESTROGEN-TREATED MICE *+ 


BY MARSHALL R. URIST, M.D., ANN M. BUDY, B.S., AND 
FRANKLIN C. MCLEAN, M.D., CHICAGO, ILLINOIS 


From the Department of Physiology, University of Chicago 


The skeletal reaction of the mouse treated with large doses of estrogen is the most 
important recent discovery in bone physiology. Within ten years after Kyes and Potter 
and Gardner ° had reported a few simple observations in birds and mice, estrogenic hor- 
mones became widely used for the treatment of healing fractures, osteoporosis, osteogenesis 
imperfecta, and various other types of rarefying disease of bone. The clinical results have 
frequently been uncertain, and suggest the need for further experimental study of estrogen 
treatment in bone disease. 

The mode of action of the hormone on bone tissue is not known. The significance of 
endosteal-bone formation in the mouse and its possible relationship to the metabolic 
reactions of estrogen-treated patients is frequently cited in clinical reports, but actually 
is not quite clear. The bone changes in mice resemble the intramedullary bone formation 
which occurs in birds during the preovulatory phase of the egg-laying cycle. 

The theory that estrogen stimulates osteogenesis faces a serious obstacle when experi- 
ments are transferred from birds to mammals. Many species of mammals ™ 27 2% 3° and 
the human *8, when treated \. ith large doses of estrogen, have shown only indirect effects 
or relatively slight changes in calcium retention and no direct evidence of physiological 
stimulation of osteogenesis. Nothing comparable to the striking endosteal reaction of the 
mouse has been produced in any other species of laboratory mammals. The mouse bone 
reaction, however, is a new experimental tool with which to study the circumstances and 
the stimuli which produce new bone tissue. Observations upon the gross, microscopic, 
roentgenographic, pharmacological, and endocrine features of the skeletal reaction of the 
mouse will be described here in detail. Evidence will be submitted which suggests that 
the estrogen-induced bone changes are a simple reaction to injury of the osteogenetic 
connective tissues of the primitive marrow. 


MATERIALS AND METHODS 


White laboratory mice of the CFI, IF, or CHI strain, fed on a diet of ‘Lab Chow 
Checkers”’, were used in all of the experiments, unless otherwise stated: The ages, of the 
animals, the treatment, and the methods of observation will be presented in an account 
of the experiments and results. Histological sections of the bones and soft tissues were 
made by techniques described in a previous report by Urist and McLean. Serum calcium 
was determined by the method of Clark and Collip, serum phosphorus by the method of 
Gomori, and serum alkaline phosphatase by the method of Bodansky. The liver, spleen, 
and lymph nodes were also examined microscopically, in order to compare the soft-tissue 
and bone-tissue changes in the same animal. 


THE HISTOGENESIS OF ENDOSTEAL NEW BONE 
Experimental Procedure 
Sixty-five mice, weighing from 18 to 30 grams, were injected with from 0.5 to 2.0 
milligrams of a—estradiol benzoate. The anims!s were autopsied twenty-four hours after 
* These investigations were aided by grants from the Division of Research Grants and Fellowships of 


the National Institute of Health, United States Public Health Service; from the Josiah Macy, Jr. Founda- 
tion; and from the Wallace C. and Clara A. Abbott Memorial Fund of the University of Chicago. 


+ Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 26, 1949. A preliminary communication was published in the Proceedings of the Society for Experi- 
mental Biology and Medicine *. 
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the last dose, throughout a period of from one to fourteen days. The bones were examined 
by both roentgenographic and histological methods. 





Results 
The first changes in the skeleton were noted in the lower end of the femur and the 
upper end of the tibia at seven to nine days in 30 per cent. of the treated animals. At ten , 


to fifteen days, 100 per cent. of the treated mice, but none of the controls, showed bone 
reactions. After fifteen days and treatment with 2.0 milligrams of a-estradiol benzoate, 
the spongiosa grew in size and density until it was twice the normal length and nearly five 
times the density. In the bird, as stated by Bloom and his associates, new-bone forma- 
tion under the influence of estrogen arises from the endosteum lining the shafts of the 
long bones, and advances concentrically toward the axis of the shaft, following the vascular 
pattern of the bone marrow as it advances, until finally the marrow space is filled with 
new bone. Contrary to this picture, new bone is first laid down in the mouse by apposition 
on the trabeculae of the spongiosa at both ends of the long bones, and then advances until 
the marrow cavity is filled with new bone, the formation of new bone involving the en- 
dosteum of the shaft as it advances. The bone encroaches on the vascular areas of the 
marrow, completely disrupting the pattern and organization; small areas of bone marrow, 
however, remain between the spicules of bone. The process of new-bone formation in the : 
mouse, at least in its early stages, resembies more closely that seen during recovery from 
the effects of large doses of parathyroid extract in the rat '* than it does the effects of 
estrogens in the bird. In proportion to the rapid bone formation, osteoclastic activity 
appears to be markedly decreased (Figs. 1-A, 1-B, 2-A, 2-B, 2-C, and 2-D). As in the bird, 
new osteoblasts appear to develop by transformation of the reticular or primitive con- 
nective-tissue cells of the bone-marrow stroma. 











Fia. 1-A 


Photomicrograph of the distal end of the femur in a forty-day-old mouse, ten days after treat- 
ment with 2.0 milligrams of a-estradiol benzoate. The spongiosa is wider and denser than the 
normal picture, shown in Figs. 2-A to 2-D. The new endosteal bone consists of amorphous branches 
of new trabeculae between the old spicules. A certain amount of the new bone contains cores of 
unabsorbed cartilage matrix, indicating retardation of the normal process of bone resorption at 
the epiphyseal lines. 
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THE USE OF THE MOUSE FEMUR AS A METHOD OF MEASURING 


THE OSTEOGENETIC REACTION OF THE SKELETON 


By means of combined roentgenographic and histological techniques, it was observed 
that endosteal new-bone formation began precipitously and proceeded more rapidly in 


the femur than in any other part of the skeleton. The total 
reaction from the first change to complete obliteration of 
the medullary cavity of a femur could be sharply divided 
into four stages. As shown in Figures 1-A, 1-B, 2-A, 2-B, 
2-C, and 2-D, and 3, these four stages were indicated on a 
+ to + + + + scale: + indicates increased density of a 
normal or slightly elongated metaphysis; + +, a twofold 
increase in the length of the distal metaphysis; + + +, 
replacement of all but a central portion of the marrow 


Fig. 1-B 


Roentgenogram of the distal end of the same femur shown in Fig. 3. 
This is the earliest stage of the endosteal process of new-bone formation 
in the estrogen-treated mouse and is hardly evident in the roentgeno- 
grams, except that there is an increase in the length of the metaphysis 
as compared with the normal (Fig. 3). 





Fig. 1-B 














Fic. 2-B Fie. 2-C 





Kia. 2-D 


Retouched photomicrographs of the femora of litter-mate mice, treated with large doses of 


a-estradiol benzoate in corn oil. 


Fig. 2-A: Control injected with 0.20 milliliter of corn oil in eight wecks. 


Fig. 2-B: 2.0 milligrams in two weeks. 
Fig. 2-C: 8.0 milligrams in four weeks. 


Fig. 2-D: 8.0 milligrams in eight weeks. Note the replacement of the marrow cavity by endosteal- 


bone formation. 
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cavity in the mid-shaft of the femur by endosteal bone growing in from both metaphyses; 
and + + + +, complete replacement of the entire primary marrow cavity. Routine 
roentgenograms alone were sufficient to show + + to + + + + reactions. Histological 
sections were frequently desirable, in addition, to identify a + reaction (Figs. 2-A, 2-B, 
2-C, 2-D, and 3). 

The quantitative results described in the following experiments could be repeated 
consistently, and are based upon examination of hundreds of mice. The method was very 
accurate when the mice were selected carefully and the test conditions were uniform. An 
animal of CFI strain, aged thirty days, weighing 16 to 20 grams, weaned to a ‘‘ Lab Chow”’ 
diet, was considered the standard 
mouse. Runts, diseased mice, or 
otherwise defective animals, which 
did not grow at a uniform rate, 
showed irregular, erratic, or re- 
tarded responses and were dis- 





carded. 


THE ENDOSTEAL REACTION OF 
DIFFERENT PARTS OF THE SKELETON 
Experimental Procedure 

Fifty mice weighing 16 to 20 
grams were injected with diethylstil- 
bestrol, approximately 1.0 milligram 
in 0.1 milliliter of corn oil per week, 
for a period of one to twenty-five 
weeks. Animals were sacrificed when 
serious toxic reactions appeared, 
such as excessive weight loss, diar- 
rhoea, epistaxis, or anuria. 


Results 


A plug of endosteal new bone 
appeared in the lower end of the | 
femur, upper end of the tibia, proxi- 
mal end of the humerus, and the 
distal end of the radius at the end 
of three weeks. At the opposite ends | 
of these same bones and in other 
parts of the axial skeleton, either 
slight or no changes appeared in the 
roentgenograms at this time. Histo- 
logically, there was a thin line of the 
typical “ purple-staining”’ estrogen- 
formed bone in some parts of the 
pelvis and spine, but the cuboidal 
bones of the carpus or tarsus were 


Roentgenograms of the femora of litter-mate mice treated Af, ‘ . , 
; - : ' yerfectly normal (Fig. 4-E). Between 
with large doses of diethylstilbestrol in corn oil. I S al (Big ) 





A: Control injected with 0.4 milliliter of corn oil. ten and fifteen weeks of treatment, 
B: 6.0 milligrams in five weeks. the long bones were completely filled 
C: 14.0 milligrams in fifteen weeks. . 

D: 16.0 milligrams in seventeen weeks. with endosteal bone and the roent- 


The volume and distribution of the new bone can be de- genograms showed striking increase 
termined as accurately by roentgenograms as by histological : ; 
sections. in density of the spine and flat 
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bones. Slight deposits of new bone were found in the cuboidal bones in histological sections; 
the deposits increased in density and volume sufficiently to be seen in the roentgenograms 
after fifteen weeks (Fig. 5). The pubic symphysis was resorbed and appeared greatly 
widened from the time of the first appearance of endosteal new-bone formation. 

The pattern, sequence, and rate of the bone changes in estrogen-treated mice are 
similar to those of the growth-rate differential of the skeleton. Although estrogen-stimu- 
lated endosteal-bone formation is a distinct reaction, separate from normal growth, the 
new deposits were largest in the points in the skeleton which account for most of the 
increase in length of the bones during the period of growth. 


PATHOLOGICAL CHANGES IN THE SOFT TISSUES OF ESTROGEN-TREATED MICE 


The experiments with mice treated with diethylstilbestrol, just described, showed 
that estrogen produces degenerative changes in the osteogenic connective tissue. It can 
be shown that changes also occur in the blood-forming and blood-destroying tissues, and 
in the cellular elements of the connective tissue itself. The limits of the subject matter 
and the space allotted to this paper do not permit a detailed description of the histo- 
pathological lesions, but a few of the obvious changes must be mentioned. 

The blood-forming tissues are of particular interest. Ectopic hematopoiesis in the 
mouse occurs normally in the spleen, and, to a lesser extent, in the lymph nodes, liver, and 
adrenals. The damage to the lymphoid and myeloid tissues in the estrogen-treated mouse 
is proportional to the dose and length of treatment. Ectopic activity does not increase 
significantly up to ten weeks of treatment. From ten to fifteen weeks there is a marked 
increase in activity, which tends to approach a maximum between fifteen and twenty 
weeks. After twenty weeks of continuous treatment, there is a sharp decline in hema- 
topoietic activity. The blood-forming tissue is replaced by fibrous connective tissue; lymph 
nodules are depleted; cellular elements become hypertrophied; and necrosis soon follows. 
The final stages at twenty-five weeks are fibrosis, hyalinization, and colloid degeneration 
of the lymphoid and myeloid tissues everywhere in the body. Until the very end of treat- 
ment, some hematopoietic marrow could always be found in narrow cords between the 
bone trabeculae in all parts of the skeleton. 


THE PROCESS OF RECUPERATION 
Experimental Procedure 


Fifteen immature mice were injected with 0.5 milligram of a-estradiol benzoate per 
week for four weeks; treatment was then discontinued. All of the animals were examined 
by roentgenograms at intervals, and one or two were autopsied every two weeks from 
four to thirty weeks of recovery. 


Results 


The roentgenograms showed a + + reaction in all fifteen mice at four weeks of treat- 
ment. Two weeks after estrogen had been discontinued, all showed progressive endosteal- 
bone formation to the stage of a + + + reaction. Four weeks after treatment, only one 
mouse showed a + + + + reaction; ali the others showed no further increase in the size 
of the deposits. 

The normal picture of endochondral ossification, including the normal process of 
resorption of cartilage matrix and bone, reappeared just below the epiphyseal lines, six 
weeks after treatment had been discontinued. The epiphyseal cartilage had grown away 
from the zone of endosteal bone formed under estrogen treatment, and a radiolucent line 
had formed across the primary spongiosa. The epiphyseal plate continued to grow away 
from the endosteal deposit until it was separated from it by 1 millimeter at eight weeks and 
by 1.4 millimeters at twelve weeks. The density of the endosteal deposits began to diminish 
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Fig. 4-A: Photomicrograph (X 11) of 
the distal end of the femur in an eight- 
week-old mouse treated with 4.0 milli- 
grams of diethylstilbestrol during a 
period of four weeks. Approximately 
one-half of the marrow cavity has been 
replaced by new bone. 

Fig. 4-B: Photomicrograph (X 104) 
of a section through the costochondral 
junction of a rib of the same mouse. 
Some endosteal-bone formation is evi- 
dent, but the process is much less ad- 
vanced than in the femur. 

Fig. 4-C: Photomicrograph (X 52) of 
a lumbar vertebra shows the same de- 
gree of change as at the costochondral 
junctions. Significant deposits of new 
bone are found mainly at the epiphyseal 
lines. 

Fig. 4-D: Photomicrograph (X 13) 
showing a sagittal section through the 
blade of an ilium. The volume of the 
marrow cavity is normal and the 
amount of endosteal new-bone forma- 
tion is insignificant. Examination of the 
tissues under oil-immersion high-power 
magnification showed a very thin layer 
of new bone on some of the trabeculae 
nearest to the acetabulum. 

Fig. 4-E: Photomicrograph (X 56) 
of a longitudinal section through the 
tarsus. Except perhaps under very high- 
power magnification, there was no 
evidence of new-bone formation. 





between twelve and fourteen 
weeks. At sixteen weeks the es- 
trogen-formed bone deposits were 
less than half the previous den- 
sity; and in two mice, autopsied 
after eighteen weeks, the endos- 
teal bone was almost completely [| | 
absorbed (Figs. 6-A to 6-F). Fic. 4-E 








THE INFLUENCE OF DEVELOPMENT, GROWTH, AGE, AND HEREDITARY STRAIN 
Experimental Procedure 

Seven foetal mice were obtained at term from five pregnant animals which had 
been injected with 1.0 milligram of diethylstilbestrol per week, beginning seven days 
after insemination. The skeletons of the mothers and of the young were examined near 
term for intramedullary new bone. 

2. Four litters of fourteen newborn mice were injected with a-estradiol benzoate 
or diethylstilbestrol, beginning on the day of birth and then at seven-day intervals with 
graduated doses of 0.05 milligram (until fourteen days), to 0.1 milligram (until twenty- 
eight days), and to 0.5 milligram (after thirty-five days). Another litter was injected with 
olive oil and the animals were used for controls. One animal from each litter was sacrificed 
every five days between five and forty days of age. 

3. Four groups of ten mice each, aged three, four, five, and six months, were injected 
with a-estradiol benzoate, 0.5 milligram per week. The animals were autopsied after four, 
eight, and twelve weeks of treatment. 

4. Fifty mice, aged one year or more, were injected with 0.5 milligram of diethyl- 
stilbestrol, a-estradiol benzoate, or ethinyl estradiol. They were autopsied after four, 
eight, and ten weeks of treatment. 
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5. Fifteen mice, more than one year of age, were treated with subcutaneous implants 
of pellets of 1.0 milligram of a—estradiol benzoate. 

6. Six mice of the CHI strain* (Strong A Strain, F88 generation of breeding), reported 
to be resistant to the skeletal effects of estrogen, were treated with injections of 0.5 milli- 
gram per week of a—estradiol benzoate in olive oil. 
Results 

The skeletons of mice in utero of pregnant mothers treated with estrogen shewed no 
endosteal new bone in roentgenograms. Newborn mice and young mice from treated 
mothers showed no gross or roentgenographic changes in the bone structure. 

Histological examination of the newborn mice, treated with estrogen on the day of 


* Kindly provided by Dr. Leonell C. Strong of Yale University, Department of Anatomy. 





Fie. 5 


Litter-mate mice, twenty-one weeks of age, placed side by side on one roentgenographic film 
which was exposed by focusing the tube directly between them, in order that both should receive 
exactly the same intensity of radiation. The mouse on the left was treated with 16.5 milligrams of 
diethylstilbestrol for a period of seventeen and one-half weeks, and shows complete obliteration of 
the marrow cavities of the long bones by new bone. To a lesser extent the spine and flat bones are 
also increased in density. The carpal and tarsal bones show relatively little change. 
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Fia. 6-A Fic. 6-B Iie. 6-C Fig. 6-D Fic. 6-E Fic. 6-F 


Fig. 6-A: Roentgenogram of a knee joint of a mouse at eight weeks, four weeks after treatment 
with 2.0 milligrams of a-estradiol benzoate. Note the increase in density and length of the distal meta- 
physis of the femur and the proximal metaphysis of the tibia. At this stage of the process of endosteal- 
bone formation, the estrogen was discontinued. The various changes which occurred in the same region 
during a per iod of twelve weeks are shown in Figs. 6-B to 6-F. 

Fig. 6-B: Four weeks after the estrogen had been discontinued, the metaphysis continued to increase 
in length, but a line of rarefaction appeared at the epiphyseal line. 

Fig. 6-C: Six weeks after the estrogen had been discontinued, 
roentgenograms of the femur showed a zone, 1 millimeter in 
length, in which the normal process of resorption had been re- 
sumed and the bone had continued to grow. This is also evident 
in the upper end of the tibia. 

Fig. 6-D: Eight weeks after the estrogen had been discon- 
tinued, the intramedullary deposit of endosteal bone was sepa- 
rated from the epiphyseal plate by a distance of approximately 
1.5 millimeters. 

Fig. 6-E: Ten weeks after the estrogen had been discontinue 4, 
the epiphyseal plate had grown 2 millimeters away from the 
endosteal bone. 

Fig. 6-F: Twelve weeks after the estrogen had been discon- 
tinued, there was nearly 3 millimeters of the length of the shaft 
between the endosteal deposit and the distal portion of the 
diaphysis of the femur. The endosteal bone became reduced in 
density at this point, and was entirely absorbed during the 
period from sixteen to thirty weeks. 

Fig. 7-A: Roentgenogram (X 3) of the femur of a normal 
mouse, approximately one and one-half years of age. The dea- 
sity of the bone structure is everywhere considerably less than 
in a young mouse (Fig. 3). (Mice are considered aged after one 
year. 
ig. 7-B: Roentgenogram of the femur of a mouse, the same pe ei amege 
age as the mouse shown in Fig. 7-A, six weeks after treatment Fig. 7-A Fig. 7-B 
with a total of 3.0 milligrams of a-estradiol benzoate. The 
amount of endosteal new bone is much less than in a similarly treated young mouse, and cystic areas 
appear in the metaphysis and the epiphysis. 





birth, showed evidence of retarded resorption of calcified cartilage matrix as early as five 
days. At ten days there was an increased invasion of vascular mesenchyme eroding the 
calcified cartilage, accompanied by sheets of osteoblasts. The increased osteoblastic 
activity can be shown by the formation of primitive trabeculae before the early calcified 
cartilage matrix is completely resorbed. The number of unresorbed fragments scattered 
throughout the marrow cavity was greater than in the normal. The primitive bone tra- 
beculae contained irregular pieces of calcified cartilage matrix. At twenty days the osteo- 
genetic reaction to estrogen was complete enough to be detected by roentgenogram, but 
at earlier ages estrogen-induced bone formation could be found only by microscopic 
observation. Age made no difference in the response of the mice, which were from one to 
six months old. 

Certain strains of mice live as long as two years, but breeders are generally considered 
aged after one year of life. Such aged mice showed some delay in the response of the skele- 
ton to estrogen. Fifty per cent. of the animals showed negative roentgenograms until after 
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four weeks of treatment. When the reaction did occur after that time, the volume of 
endosteal bone was considerably less than that found in similarly treated young mice. 
The reaction of aged mice to large doses of estrogen (0.5 milligram) was quite irregular. 


TABLE I 


RELATIONSHIP BETWEEN THE DOosE OF ESTROGEN AND THE 
VOLUME OF ENDOSTEAL NEW Bone 


Dose No. of Reaction 


Drug (Milligrams) Weeks of the Femur 
Fe RSE EEE Oe ee. l 3 + 
a-Estradiol benzoate... .. een y eee Pe ae ae 3 + + 
Fe ere | Tee 4 3 +++ 
SIN ee ain Oe Sores Hoes HL see See ei eanted Rae eee 0 3 0 
Diethylstilbestrol......... = A OI Ce a Sr ken kd l 5 +, + 
Diethylstilbestrol...... Oye ee oe Roe en a 2 5 + 
Diethylstilbestrol....... ay SOC Pr OE ee AT 4 5 + + 
RAS ga< Gacy sees EAE E Sete pe A carapace I ah ae 0 5 0 


The first reaction was the formation of cystic areas. The endosteal bone, formed after 
these cystic areas had decreased, was deposited in peculiar masses, usually at the ends of 
the bones, but sometimes also upon the inner cortex of the mid-shaft (Figs. 7-A and 7-B). 
Smaller doses of estrogen, administered in the form of pellets, did not produce these bizarre 
deposits. In an experiment with a relatively small number of mice, it was difficult to de- 
termine how many of the aged mice were dying of incidental causes or old age, but it was 
apparent among the survivors that senile mice did not tolerate large doses of estrogen as 
well as did immature mice. In the aged mice which survived eight weeks of treatment, 
the usual deposits of endosteal new-bone formation eventually were seen. The sequence 
of the reaction in the various parts of the skeleton was the same in old mice as in the im- 
mature animals. Serial roentgenograms showed replacement of the marrow cavity at the 
distal end of the femur and the proximal end of the tibia by new bone when other parts 
of the skeleton were as yet unchanged. The spine and flat bones showed evidence of in- 
creased density much later. The cuboidal bones of the tarsus and carpus were unchanged, 
and contained marrow cavities until the end of the period of treatment. 

There was no variation in the bone reaction in different hereditary strains. The re- 
sponse to estrogen was the same in the CFI and IF strains, as well as in the CHI cancer- 
bearing strain. 


THE DOSE, VEHICLE, PERIOD OF ADMINISTRATION, AND CONTINUITY OF 
ACTION OF ESTROGEN, AND OTHER FACTORS INFLUENCING THE 
PROCESS OF ENDOSTEAL-BONE FORMATION 


Experimental Procedure 

1. Thirty-two mice were divided into three groups and injected one, two, and four 
times per week with 0.5 milligram of a-estradiol benzoate in 0.05 milliliter of corn oil. 
A fourth group of eight mice were injected with 0.05 milliliter of corn oil and autopsied 
one week after the last injection, at two, three, five, and eight weeks. The same experi- 
ment was repeated with the use of diethylstilbestrol, a synthetic estrogen. 

2. Thirty mice were divided into three groups and injected with 0.5 milligram per 
week of diethylstilbestrol phosphate or ethinyl estradiol in: (a) corn oil, (b) normal saline 
solution, and (c) pellets. These estrogens were used because of their solubility in water, 
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TABLE II 


RELATIONSHIP BETWEEN THE DURATION OF TREATMENT 
AND THE VOLUME OF ENDOSTEAL BONE 





Dose No. of Reaction 





Drug (Milligrams) Weeks of the Femur 

POI 55 oS ions ks cb osc asc scekoese e's 2.0 2 + 
Ge TEBIPAI) DOMBOREE . . . wc ec cc cc cw ee caeee 2.0 3 ++ 
eM 5.6.0: 6-4: 56:0« vbreasa 6:04 0 saw wlprmaardiele 2.0 5 +++ 
ER ee os 6, yt 2s tore: etn ale satin ekuts nba ees 0 5 0 
SS" SBP CE TREO ee 2.0 2 0 
SM oo. .5. 3. 4 9,..9.4,6.0:0 007 Soe « Seven andes Siens)s 2.0 3 as 
fey Sc oA fe, a asa bhira aha's stat ots Sled 2.0 5 oS 

0 


|S so eee fel ne Ele a eae eee aA ee ee REE Tati oP NER 0 5 








in which form they were assumed to be absorbed more rapidly than from oil solution or 


pellets. 

The pellets were made by compressing the crystalline estrogens in a cylindrical 
punch. They were then weighed, sterilized at 80 degrees centigrade for one hour, and 
implanted either subcutaneously or surgically into muscles or bones, as indicated in the 
experimental procedures. 


Results 
In the first three weeks of treatment with a-estradiol benzoate, or the initial period of 


TABLE III 


Tue OsTEOGENETIC ACTION OF VARIOUS ESTROGENS 
IN DosEs oF 0.5 MILLIGRAM PER WEEK 


Reaction of the Femur 


Hormone 


4 Weeks 8 Weeks 12 Weeks 
Natural Estrogens and Chemical 
Derivatives of Hormones 
a-Estradiol....... ++ ++ 4+ ++ 4 
a-Estradiol benzoate. . . ++ ++ +4 +++ + 
a-Estradiol dipropionate........ - + + + +4 
8-Estradiol...... 0 t 0 
8-Estradiol benzoate*. . + + + + +++ 4 
Ethiny] estradiol. ..... oe + + 
Fatrone......... ' + + + + + + 
Sodium estrone sulphate + + + + + 
Eetriol...:..'.. + + + + 
Premarin... ... ' eo 0 0 0 
Methy] dehydrodoisynolic acid... . . wea 0 0 0 
Synthetic Estrogens 
Diethylstilbestrol. .. . ' re re ree + + + ++ + 
Diethylstilbestrol phosphate... ..... ; + + - + 4 t+ +4 
Hexestrol.......... ; 0 | 
Dienestrol...... ; 0 { + 4 





* Crude 8-estradiol benzoate was recrystallized by Dr. Konrad E. Bloch of the Department of Bio- 
chemistry. The product obtained had a melting point of 152 to 153 degrees, and contained less than | per 


cent. of the original a—-estradiol benzoate present. 
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(-ESTRADIOL HO smears 
MW=272 ESTRONE RIOL 
MW=270 MW= 288 
Fig. 8-A Fig. 8-B Fig. 8-C 
OH OH OH OH or pk 
‘ee ihe 6 . 
CH, CH, T° ‘‘ " y 
CH; CHs CHs CHs CH; CH 
DIETHYL STILBESTROL HEXESTROL MW=316 DIENESTROL MW.=310 
a) 
“® 
Fig. 8-D Fig. 8-1 Fig. 8-F 
H Diagrams showing the structural 
Mr formulae of eight different estrogens 
CH and the average yield of endosteal 
CH3}-OH "SCH, new bone in the femur obtained from 


each substance, given to a thirty-day- 
old mouse in a dose of 0.5 milligram 
C-OH per week for a period of eight weeks. 
Oo The shaded lines indicate the size of 
the metaphysis and the area of the 











CH.-O new bone. The white area in the mid- 
HO ’ shaft indicates the corresponding de- 
ETHINYL ESTRADIOL MW=321 3 METHYL ETHER crease in the volume of the marrow 
BIS-DEHYDRO-DOISYNOLIC ACID cavity. The normal picture is shown 
MW =310 in Fig. 8-H after treatment with 3- 
— a - methyl-ether-bis-dehydrodoisynolic 
zs es {= a acid, which has no effect on the bones 
of mice. 
Fic. &-G Fic. 8-H Figs. 8-A, 8-B, 8-D, and 8-G show 


the maximum reaction that was ob- 
tained with high-potency unbenzoated 
estrogens. Figs. 8-C, 8-I5, and 8-F show the relatively slight effects of lgw-potency estrogens. 


five weeks of treatment with diethylstilbestrol, the volume of new bone deposited in the 
femur was directly proportional to the magnitude of the dose (Table I). After these periods 
of time, many of the animals treated with 0.5 milligram per week showed as much new 
bone as those which had received as high as 2.0 milligrams per week. The maximum re- 
sponse in both rate and volume of endosteal new-bone formation appeared with a 1.0 
milligram dose. This was also the minimum lethal dose for 50 per cent. of the animals after 
four weeks of treatment with diethylstilbestrol. 

After injection of a total dose of 2.0 milligrams of either a-estradiol benzoate or 
diethylstilbestrol in oil, within various periods of time, such as two, three, and five weeks, 
it was apparent that the volume of endosteal bone produced by the femur was increased 
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Figs. 9-A, 9-B, 9-C, and 9-D CH; QH Cry OH 
Diagrams showing the closely related 
structural formulae, the average uterine 
reaction, and the yields of endosteal bone 
from biological equivalents of 4,500 inter- 
national units of unesterified and ben- 
zoate esters of the alpha and beta isomers 
of estradiol. Benzoate esterification in- HO HO 
creased both the estrogenic and the @-ESTRADIOL (- ESTRADIOL 


osteogenetic effects of the female sex 


hormone. Esterification also conferred —tp —tsp 
bone-forming action upon §-estradiol, one ONE REACTION = 0 BONE REACTION= 0 
of the weakest of the steroid hormones. sa 


UTERINE WT. = 80 Mg. UTERINE WT =40 Ma 
Fig. 9-A Fig. 9-B 














with time or the duration of treat- 
ment (Table IT). 

With injections of a dose of 
0.5 milligram or more of estrogen, CH; OH CH; _.OH 


there was no difference in the * 
amount of endosteal bone pro- = 
duced within eight weeks when 
the drug was rapidly absorbed s 
a ( 


from saline solutions, slowly ab- 
sorbed from oil solutions, or even QC- ESTRADIOL BENZOATE B-ESTRADIOL BENZOATE 


very slowly dissolved from the 
P , Cee 


surface of pellets. These results BONE REACTION= 3+ 





may be explained by the fact 

that the recovery period from the 

effects of these large doses of 

estrogen is from four to six weeks, : 

which is much longer than the UTERINE WT. 100 Mg UTERINE WT. 95 Ma. 
interval between the injections. Fig. 9-C Fig. 9-D 


THE LEVELS OF SERUM CALCIUM, INORGANIC PHOSPHORUS, AND ALKALINE 
PHOSPHATASE DURING ENDOSTEAL NiW-BONE FORMATION 

Experimental Procedure 

Two hundred and forty immature mice were divided into six groups. One group of 
thirty were injected with 2.0 milligrams of a—estradiol benzoate over a period of nine days 
and were sacrificed on the tenth day. Two groups of sixty each were injected with 1.0 
milligram per week of a-estradiol benzoate and sacrificed after four weeks of treatment. 
Three groups of thirty each were similarly injected with olive oil for controls. The sera of 
‘ach group of animals were pooled for determinations of serum calcium by the method 
of Clark and Collip, of serum phosphorus by the method of Gomori, and of serum alkaline 
phosphatase by the method of Bodansky. 


Results 


During the early stages of endosteal new-bone formation, the serum calcium and 
inorganic phosphorus were at the same level as that found in oil-treated control mice. 
At the time of rapid endosteal-bone formation, the serum calcium was 11.90 milligrams 
per 100 cubic centimeters, the serum phosphorus averaged 9.76 milligrams per 100 cubic 
centimeters, and the serum alkaline phosphatase was 8.15 (milligrams of phosphorus split 
off 100 milliliters of serum in one hour). The levels of the oil-treated control mice were 
13.30, 10.18, and 11.25 milligrams per 100 cubic centimeters, respectively. The serum 
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TABLE IV 


RELATIONSHIPS BETWEEN ESTROGENIC POTENCY AND OSTEOGENETIC ACTION 
oF 4,500 INTERNATIONAL UNITs OF ESTROGEN IN THREE WEEKS 


Weight of 


Dose Fresh Uterus Réaction 
Hormone (Milligrams) (Milligrams) of the Femur 

a-Estradiol..... =p Ue 0.036 800 0 
a-Estradiol benzoate....... ‘ ae cng, ax eae 0.072 700 ++ 
8-FEstradiol..... eh C Seas MP erage Om tats 1.50 400 0 
8-Estradiol benzoate... .. eM ET ES oy er 3.00 750 ++ 
I Sool re Sey ba) cars ss ere Wee ook Bessie oie etait eae eae 3.00 600 + 
Eetrone........ ; mare sais Markee inch pe 800 + 4+ 

0 


Control Oo oa Pee et Ce ey 400 


phosphorus was high in both treated and untreated animals, owing to hemolysis which 
was difficult to prevent in pooled mouse blood. 
THE OSTEOGENETIC POTENCY OF VARIOUS ESTROGENS 

Experimental Procedure 

One hundred and sixty mice were divided into fifteen groups and treated with 0.5 
milligram per week of various estrogenic substances, injected intramuscularly in 0.05 
milliliter of olive oil (Table ITI). 
Results 


The benzoates of alpha or beta isomers of estradiol showed powerful osteogenetic 


TABLE V 


Tue Errect or OTHER STEROID HORMONES ADMINISTERED 
ALONE AND IN ADDITION TO a-ESTRADIOL BENZOATE 


Reaction 
Treatment Dose of the Femur 
(Milligrams) 
4 Weeks 8 Weeks 
Progesterone . aa eee tt eae 0.5 per day 0 
| 1.0 per day 0 0 
Progesterone plus a-estradiol benzoate. . . 1.0 per day 
0.5 per week + + +++ 
Desoxycorticosterone acetate... 2.2... 2.0 per week 0 0 
Yesoxycorticosterone acetate plus a-estradiol : 
benzoate... . 2.0 per week 
| 0.5 per week + + +++ 
Testosterone propionate. . 1.25 per day 0 0 
3.00 per day 0 0 
Testosterone propionate plus a-estradiol benzoate 10.4 per week 
0.17 per week ++ 
5.0 per week 
0.5 per week + + aie 
10 to 40* 
0.5 to 1.0 rT + +++ 


* This experiment was done with the use of subcutaneous pellets. All others listed were done with 


solutions of olive oil. 
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action, and were at least twice as potent as any of the other natural estrogens (Figs. 8-A 
to 8-H). The order of magnitude of the effects of all the estrogens, including synthetic 
preparations which are now used commercially, are shown in Table III. To determine 
the relationship between osteogenetic and estrogenic potency, the two isomers of estradiol 
were administered in doses of biological equivalents of 1,500 international units. 


Experimental Procedure 

Thirty-six mice were divided into six groups and injected with 1,500 international 
units per week of one of the following: a or B—estradiol, a or B—-estradiol benzoate, estrone, 
or estriol. It is believed that these isomers of estradiol are the female sex hormone as it 
exists in the liquor folliculi of the ovary. The estrogenic potency of each of these hormones 
was estimated by the uterine-weight method of Evans, Varney, and Koch, and was com- 
pared directly with the amount of endosteal bone that was produced in the same animals 
with biologically equivalent doses (Table IV). 


Results 

As shown in Table IV, the osteogenetic action of a—-estradiol, one of the most potent 
of all estrogens, is relatively low and not greater than that of B-estradiol, which is one 
of the weakest estrogens which has been isolated. The benzoic-acid ester of each of these 
substances, however, shows extraordinary osteogenetic potency. The weaker estrogen, 
6-estradiol benzoate, is as active upon the bones as the more powerful estrogenic hormone. 
Hence, esterification of an estrogen is one of the most important factors in its osteogenetic 
potency. This may be due to slower absorption, more prolonged mobilization, or to a 
slower excretion of the esterified estrogen (Figs. 9-A, 9-B, 9-C, and 9-D). 


THE SINGLE AND COMBINED ACTION OF OTHER STEROID HORMONES UPON 
ENDOSTEAL-BONE FORMATION IN TREATED AND UNTREATED IMMATURE MICE 
Experimental Procedure 
Seventy-five mice were divided into eight groups and treated with progesterone, 
desoxycorticosterone acetate, or testosterone propionate, alone and in combination with 
a-estradiol benzoate. Table V shows the dosages, intervals, methods of treatment, and 


results. 


Results 

Endosteal new-bone formation was not produced by the lutoid, corticoid; or testoid 
hormones. There was neither inhibitory nor synergistic action of progesterone, desoxy- 
corticosterone, or testosterone upon the osteogenetic action of large doses of estrogen. 


THE EFFECTS OF GONADOTROPIC AND ADRENOTROPIC 
FACTORS OF THE ANTERIOR PITUITARY 
Experimental Procecure 

Five immature mice were injected daily with 148.0 milligrams of a highly purified 
pregnant mare’s serum gonadotropin (Antex [Ayerst], one international unit per 0.25 
milligram) in aqueous solutions intramuscularly over a period of ten weeks. 

Ten immature mice were injected daily with 5.0 milligrams of chorionic gonadotropin 
(A.P.L. [Ayerst], one international unit per 0.25 milligram) over a period of eight to ten 
weeks. Ten immature mice were injected daily with 5.0 milligrams of A.P.L. and 5.0 
milligrams of Antex for a period of six weeks. This treatment tends to reproduce the 
hormone pattern of the reproductive cycle by utilizing the follicle-stimulating properties 
of Antex in the early phase and the luteinizing effect of A.P.L. in the later phase. 

Six immature mice were given 2.5 milligrams of Antex plus 2.5 milligrams of A.P.L. 
daily, supplemented by weekly injections of 0.5 milligram of a-estradiol benzoate. 
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Three aged mice (breeders, one to one and one-half years of age) received the same 
treatment with all three substances. 

Ten newborn mice also received injections of all three substances, but in doses of 
3.0 and 4.0 milligrams per week of Antex and A.P.L., and from 0.05 to 0.30 milligram of 
a«-estradiol benzoate. 

Ten immature mice were given daily intramuscular injections of 1.0 milligram of 
Armour’s adrenocorticotropic hormone, ACTH (potency approximately 35 per cent. of 
the standard), over a period of six weeks. 


Results 


Continuous stimulation of the ovaries by large doses of follicle-stimulating hormone 
for ten weeks failed to produce endosteal-bone formation. Chorionic gonadotropin and 
combined follicle-stimulating hormone and anterior-pituitary-like therapy similarly were 
without effect. The osteogenetic action of estrogen was neither enhanced nor inhibited 
by simultaneous treatment of the animals with these anterior-pituitary-hormone prepara- 
tions. 

Aged mice in which the osteogenetic response was generally delayed, and infantile 
mice which were refractory to the osteogenetic action of estrogen, when primed with both 
follicle-stimulating hormone and anterior-pituitary-like substance, showed no more 
endosteal-bone formation than unprimed controls. 

Adrenocorticotropic hormone produced no endosteal-bone formation. 


LOCAL IMPLANTATION OF FREE ESTROGENS IN BONE 

Experimental Procedure 

Pellets made of compressed crystals of two water-soluble and two oil-soluble estrogens 
were implanted surgically in drill holes in the distal metaphyses of the femora of twelve 
immature mice. Diethylstilbestrol phosphate and ethinyl estradiol, the water-soluble 
estrogens, were assumed to be more readily diffusible in the tissue fluids. Diethylstilbestrol 
and a-estradiol benzoate were the oil-soluble estrogens that were used, and they were 
assumed to be dissolved only slowly. Pellets of cholesterol were similarly implanted in 
three litter mates for controls. The bones were examined at intervals of eighteen, twenty- 
five, thirty-two, and forty-three days. 


Results 

All the implants of cholesterol and estrogen were encased in a shell of fibrous con- 
nective tissue and bone tissue. The skeleton showed the usual systemic bone reaction to 
absorption of implants of estrogen, but not to the implants of cholesterol, and there were 
no specific local osteogenetic effects. 

DISCUSSION 

The intermediary metabolism and the mode of action of the female sex hormones 
upon the genital tract is not yet known, and even less is understood about the nature of 
the effects of estrogen upon bone. All the possible endocrine-gland interrelationships, as 
well as vitamin and other dietary factors, have been studied with essentially negative 
results. The literature has been reviewed by Gardner and Pfeiffer, with a summary of 
their work prior to 1943. The facts presented bear repetition, along with a review of the 
reports which have been published since then and the results of experiments in this paper. 

Hypophysectomy did not prevent the endosteal reaction of the bones ‘® °°, Gardner 
and Clouet, in 1945, reported that mice, made hypothyroid by a diet including thio-urea, 
were able to produce endosteal new bone. Various endocrine-gland preparations have 
been administered without much effect upon endosteal-bone formation. Silberberg and 
Silberberg, in 1946, found that thyroxin did not affect the estrogen-treated mouse, al- 
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though it did produce some effects on the maturation of cartilage cells. Anterior-pituitary 
growth hormone was found to cause more rapid regression of the epiphyseal plate, but it 
had little effect upon the endosteal reaction **. Treatment with testosterone was reported 
by Gardner and Pfeiffer, in 1938, to be the only procedure which averted the action of 
estrogen on the bones of the mouse. This is one important point at which the present 
observations are at variance with the previous literature. In proportions as high as sixty 
to one, testosterone did not inhibit the action of a-estradiol benzoate in our experiments. 
This observation leads us to question the hypothesis of antagonistic action of the sex 
hormones on the bones. . 

The authors have found no evidence that the mouse produces endosteal bone, char- 
acteristic of the effects of estrogens, under strictly physiological conditions. During preg- 
nancy, when large amounts of estrogen are being excreted in the urine, neither the foetal 
nor the maternal skeleton showed roentgenographic evidence of estrogen-induced bone 
formation, although the reproductive tracts of both the mother and the newborn mouse 
do show the full effects of the female sex hormone. The skeleton of the estrogen-treated 
newborn mouse shows a typical reaction as early as ten days. In the experiments described, 
it was not possible to produce endosteal-bone formation in either immature or mature 
mice on the strength of the animals’ own ovaries, stimulated by the injection of large doses 
of gonadotropic hormone over a long period of time. 

Newborn mice did not produce endosteal bone as rapidly as immature mice. Aged 
mice also responded much less vigorously than immature mice and young adults. Aged 
animals showed degenerative joint changes ** and some delay in the onset of the bone 
reaction, but eventually the usual deposits of new-bone tissue appeared in the long bones. 
Hence, although the mouse usually reaches its growth plateau at six months, it retains 
its ability to produce large quantities of new bone in response to estrogen. Even the pat- 
tern of the endosteal reaction is independent of growth, for it is the same in senile mice 
and immature mice. The growth potentials of the different parts of the skeleton, the so- 
called “growth differential’’, does persist and may govern the endosteal response at all 
ages throughout the life of the individual. : 

An inbred cancer-bearing strain of mice has been reported by Segaloff and Cahill to 
be resistant to the skeletal effects of estrogen. Our observations upon the same strain indi- 
cate that, if given a large dose (0.5 milligram per week), such mice will show the usual 
endosteal bone changes. 

Both the magnitude of the bone response and the rate of endosteal-bone formation 
were directly proportional to the dose of the estrogenic substance and the duration of the 
treatment. The osteogenetic reaction was also related in some way to the estrogenic po- 
tency of the substance that was used. The uterine response, however, reaches its maximum 
long before the bone reaction is completed. Esterification with benzoic acid greatly in- 
creased the osteogenetic action of both of these substances, presumably due to the pro- 
longation of the effects and the lower rate of excretion of the material. 

The process of recuperation from estrogen treatment and the reformation of the mar- 
row cavities was complete in approximately five months. Serial roentgenograms (Fig. 5) 
resemble the roentgenographic picture which is seen in Fairbank’s cases of “‘marble-bone”’ 
disease during the period of remission. There is also a striking similarity in the large 
amounts of unabsorbed cartilage matrix in the bones of estrogen-treated mice and rats 
and in the human with marble-bone disease. Miller, Orr, and Pybus have described 
permanently increased thickness of the cortex after estrogen treatment in mice. 

Diet apparently plays no role in the endosteal proliferation. Animals fed synthetic 
diets, low in protein or total nitrogen, were able to produce the usual reaction *. Although 
it was difficult for the authors to produce florid rickets in mice, estrogen-treated mice fed 
a low-phosphorus, high-calcium diet have been reported to lay down the osteoid tissue 
incompletely calcified, just as would be expected of untreated animals”. Mice fed on a 
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low-calcium, high-phosphorus diet showed advanced rickets and the same endosteal 
reaction to estrogen as normal mice. The authors have weaned young mice to diets con- 
taining as little as from 2 to 10 per cent. protein and found suppression of growth, but the 
deficiency did not prevent the appearance of the bone reaction to estrogen. 

Roentgenographic methods as used here for estimating the extent of endosteal-bone 
formation, when combined with histological methods, were found to be more informative 
than bone-ash studies or measurements of the breaking strength 7. At the early stages of 
the endosteal reaction, the new-bone formation is limited to the growing ends of the bones. 
Until the final stages of replacement ‘of the marrow cavity, the breaking strength of the 
bones in the mid-shaft of the long bones may be the same as in normal animals. The per- 
centage of ash of the bones 2": *? provided some idea of the total increase in bone substance, 
but gave no information about the exact location of the new deposits in the skeleton as a 
whole. , 
When the marrow cavities of all the long bones became filled with a network of 
osseous tissue, there was still sufficient production of red cells and hemoglobin to sustain 
the mice in reasonably good condition. During a similar period of treatment on doses lower 
than those used in the experiments described here, Jacobson mentioned an anaemia of 
‘questionable significance”. In the authors’ experiments with larger doses and after 
extensive filling of the marrow spaces of both the flat bones and the long bones, there was 
still adequate blood formation in the interstices of the endosteal bone and only moderate 
anaemia. This demonstrated the large resources in blood-forming tissue, but there were 
nevertheless deleterious effects upon the lymphoid and myeloid tissues. Ectopic. hema- 
topoietic activity increased after ten weeks of treatment. After twenty weeks of treat- 
ment, both the lymphoid and myeloid tissues in the liver, spleen, lymph nodes, and bone 
marrow showed necrosis and extensive fibrous degeneration. 

In birds, intramedullary-bone formation is a physiological reaction of the skeleton, 
which is associated with the need for storage and rapid mobilization of large amounts of 
calcium. Birds and other egg-laying species possess a special chemical mechanism in the 
serum vitellin, a phosphoprotein, which binds calcium in a non-ionized, physiologically 
inactive, form. This enables the organism to tolerate a large increase in the level of the 
serum calcium. In the mouse, during the period of most extensive endosteal-bone forma- 
tion, there was no increase in the level of the serum calcium or phosphorus. As far as is 
known, mammals which give birth to their young alive do not possess anything like the 
serum vitellin, and do not show any appreciable elevation in the level of the serum calcium 
in response to estrogen. It is also of particular interest that the serum alkaline phosphatase 
was not changed during the endosteal reaction of the mouse skeleton, as it is in Paget's 
disease, malignant bone tumors, rickets, and other conditions in which there is increased 
osteoblastic activity. 

Estrogens have been found to have local action in producing the morphological 
changes of estrus in isolated slices of the uterine mucosa. In the experiments described, 
implants of the free-steroid hormones had no local effects upon bone tissue. Pfeiffer studied 
the effect of estrogen upon ectopic bone formation in marrow transplants in the testes, 
but could find no production of endosteal new bone in mice. 


SUMMARY AND CONCLUSIONS 


1. Endosteal new-bone formation was studied in estrogen-treated mice, including 
observations upon the gross, microscopic, and roentgenographic features of the skeletal 
reaction. 

2. A quantitative study by means of combined roentgenographic and histological 
techniques gives accurate and uniform results in the measurement of the osteogenetic 
reaction of the skeleton. 

3. The pattern, sequence, and rate of the bone changes in estrogen-treated mice are 
similar to those of the growth-rate differential of the skeleton. 
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4. Newborn mice, treated with estrogen from the date of birth, show microscopic 
evidence of changes within ten days, although no gross or roentgenographic changes are 
demonstrable until after twenty days of treatment. The skeletons of embryos of treated 
mothers show no endosteal bone in roentgenograms. 

5. Mice from one to six months of age show no appreciable differences in their re- 
sponse to estrogens. Aged mice, one year of age or older, show some delay in the response, 
and the volume of endosteal bone is less than in similarly treated young mice. There was 
no variation in the bone reaction in the different hereditary strains studied. 

6. The volume of new bone deposited is, within the limits of the tolerance of the 
animal, directly proportional to the dose and the period of administration. 

7. Mice, treated with 2.0 milligrams of a-estradiol benzoate over a period of four 
weeks, recovered from the effects of estrogen after treatment was discontinued. Normal 
endochondral ossification reappeared below the epiphyseal lines within six weeks. The 
endosteal bone was almost completely absorbed within eighteen weeks. 

8. The serum calcium, inorganic phosphorus, and alkaline phosphatase are within 
the range of normal levels during administration of estrogen and endosteal new-bone 
formation. 

9. Esterification of an estrogen is one of the most important factors in its osteogenetic 
potency. 

10. Endosteal new-bone formation is not induced by lutoid, corticoid, or testoid 
hormones. There is neither inhibitory nor synergistic action of progesterone, desoxycorti- 
costerone acetate, or testosterone propionate upon the osteogenetic action of estrogens. 

11. Osteogenetic action of estrogen is neither enhanced nor inhibited by simultaneous 
treatment of the animals with preparations of anterior-pituitary hormone. Adrenocorti- 
totropic hormone induces no endosteal new-bone formation. 

12. No evidence has been found that the mouse produces endosteal new bone, char- 
acteristic of the effects of estrogens, under strictly physiological conditions. During preg- 
nancy, when large amounts of estrogen are being excreted in the urine, neither the foetal 
nor the maternal skeleton shows roentgenographic evidence of estrogen-induced bone 
formation. No production of endosteal bone has been observed in either immature or 
mature mice in which the ovaries have been under the influence of large doses of gonado- 
tropic hormones, administered over a long period of time. 

13. No specific local osteogenetic effects from implantation of free estrogens in bones 
have been observed. The skeleton showed the usual systemic osteogenetic reaction to 
absorption of implants of estrogen, but not to the control implants of cholesterol. 

14. Evidence has been submitted which suggests that the estrogen-induced bone 
changes are a reaction to injury of the osteogenic connective tissues of the primitive bone 
marrow. 

15. These findings constitute a demonstration of experimental marble-bone disease. 
The experimental condition in mice is like the disorder observed by Albers-Schénberg in 
the following ways: (1) The entire skeleton shows unabsorbed cartilage matrix in the bone 
tissue of the growing metaphyses; (2) the serum alkaline phosphatase, calcium, and in- 
organic phosphorus are within the normal range; (3) there is no appreciable osteoclast 
formation or bone resorption; (4) withdrawal of the causative factor reinstates the normal 
balance between bone formation and bone resorption, and results in a roentgenographic 
picture similar to marble bones during a period of remission of the disease. 
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AN END-RESULT STUDY OF THE KELLER OPERATION * 


BY MATHER CLEVELAND, M.D., AND EDWARD M. WINANT, M.D., NEW YORK, N. Y. 


In 1927, Cleveland reported a series of 200 operations for the relief of hallux valgus 
and hypertrophic arthritis of the metatarsophalangeal joint. This earlier follow-up study, 
at The New York Orthopaedic Dispensary and Hospital, was undertaken with relatively 
limited personal experience, so that certain conclusions which were reached need revision 
or correction. Changes in surgical techniques are bound to occur as experience accumu- 
lates; there should be no reluctance to admit a change of ideas with the passage of time. 

Various surgical attempts to relieve hallux valgus or hallux rigidus have been pro- 
posed, some of which are sound and others of questionable value. The general practice of 
those who were trained or worked at The New York Orthopaedic Hospital during the 
decade from 1921 to 1930 was, for the most part, simply to excise the exostosis on the first 
metatarsal head and the adjacent lip of the proximal phalanx. Although this procedure 
relieved the pain of the inflamed bursa, the underlying hallux valgus was not improved. 
For a stiffened arthritic joint, the operation is useless. 

Dudley Morton‘, in his investigation of the causes of foot. pain, lists the short first 
metatarsal, sesamoids placed posteriorly beneath the head of the first metatarsal, and 
relaxation of the joint between the first and the second cuneiform bones as structural 
factors causing pain in the foot. He established the weight-bearing ratio of the metatarsal 
heads as 2-1—1—1—J from the first to the fifth metatarsal * and, with this fact, the concept 
of an anterior transverse arch has disappeared. 

Any operative procedure which radically upsets this weight-bearing ratio should be 
expected to produce more discomfort than alleviation of symptoms. An excision of the 
first metatarsal head or its underlying sesamoid bones should be avoided, except for urgent 
necessity. 

About fourteen years ago we began, at St. Luke’s Hospital, to utilize the arthroplastic 
operation described by Keller for correction or relief of hallux valgus and chronic hyper- 
trophic arthritis of the metatarsophalangeal joint of the great toe. It has proved to be an 
extremely satisfactory surgical approach to the problem. The patient with painful calluses 
beneath the second and third metatarsal heads, or metatarsalgia, or the infrequent plantar 
neuroma, should be advised that surgical correction of hallux valgus per se will not relieve 
these symptoms. Excision of the proximal phalanx of a hammer toe will, however, often 
alleviate this metatarsal pain. 

The authors have not found that posterior displacement of the sesamoid bones upsets 
the weight-bearing ratio sufficiently to be the cause of pain in the fore part of the foot. 
With the Keller procedure, in every instance the distal insertions of the medial and lateral 
heads of the flexor hallucis brevis are divided and the sesamoid bones invariably retract 
to a posterior position (Figs. 1-A and 1-B), yet in only one of the 113 patients studied did 
serious postoperative metatarsalgia develop. 

The surgical correction of symptoms due to hallux valgus or hypertrophic arthritis 
of the great toe, so-called hallux rigidus, is not to be undertaken lightly. If the patient is 
an athlete, the operative procedure may cause his retirement from active competitive 
sports. Among young men of the armed forces, it frequently means a limited-service status 
or discharge for disability *. 

Sex 

In this series and in that presented earlier, 90 per cent. of the patients operated upon 

were women. The authors believe that there is no such discrepancy between the sexes as 


* Read at the Annual Meeting of The American Orthopaedic Association, Colorado Springs, Colorado, 
May 21, 1949. 
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TABLE I 


OPERATIONS ON 113 PATIENTs * 








Hallux Valgus Hallux Rigidus 
Operation No. of Patients No. of Operations | No. of Patients No. of Operations 
Unilateral 17 17 20 29 
Bilateral 73 146 5 10 
Total 90 163 25 30 








* Two patients in this series were included in both groups. Each ‘ad both conditions, in opposite feet. 


to actual incidence of these disabilities. Men are probably willing to accept broader and 
more sensible shoes to relieve their discomfort. 


Age 

The youngest patient was fourteen and the oldest eighty-two, with an average for 
the entire group of forty-eight years. This in itself means nothing, except to indicate at 
what age the patients decided to seek surgical relief. Hallux valgus was doubtless noted 
in early life; hallux rigidus, a wear-and-tear form of arthritis, begins to cause trouble in 
middle life. 

FOLLOW-UP STUDY 

Approximately 312 Keller operations have been performed by members of the Ortho- 
paedic Staff at St. Luke’s Hospital. All cases which have been followed for less than one 
year have been discarded from this study. The patients included have been personally 
examined and the results checked by roentgenograms. This report is based on the records 





Fig. 1-A Fig. 1-B 
Typical preoperative and posioperative views of hallux valgus. A Keller arthroplasty was 
performed. There is slight narrowing of the foot, due to removal of the exostosis, and slight 
approximation of the first metatarsal toward the second metatarsal. The correction of the hallux 
valean is due to removal of the adductor attachment of the proximal phalanx. The sesamoid bones 
retracted after operation. 
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of 113 patients upon whom 193 operations were performed (Table I); their postoperative 
course was followed for an average of twenty-three months after surgery, during the period 
from 1938 to 1948, inclusive. Ninety of these patients had hallux valgus and twenty-five 
had hallux rigidus, a ratio of almost four to one. Of the patients with hallux valgus, 
seventy-three, or 81 per cent., had bilateral deformity. Hallux rigidus is much more apt 
to be confined to a single foot. In only five of the twenty-five patients was this disability 
bilateral,—an incidence of 20 per cent. 
CARE OF THE PATIENTS 

Operative Care 

No attempt will be made to describe in detail the operative technique, but certain 
points should be stressed in the operative and postoperative care. In the vast majority of 
patients, the operation is performed with a tourniquet. In the presence of varicose veins, 
or where there is a history of phlebitis, it may be advisable to omit the tourniquet. Soft 
tissue should be separated from underlying bone by sharp dissection. A subperiosteal 
removal of bone, such as Keller originally recommended in 1904, invites regenera- 
tion of the excised phalanx or exostosis. At least one-half of the phalanx should be 
excised to prevent the postoperative development of hallux rigidus. All chips of 
bone should be carefully removed from the wound and all cut bone edges should be 
smoothed. 


Postoperative Care 

A rather long period of convalescence is required. We recommend that these patients 
remain in the hospital from fifteen to eighteen days, or that they are non-ambulatory for 
a period of at least fourteen days. The patient should be instructed to begin moving the 
toes twenty-four hours after operation. Wound healing is slow. The sutures should not 
be removed until the twelfth to the fourteenth postoperative day, and weight-bearing 
should not be permitted until the fifteenth postoperative day. The patients are unable 
to tolerate a regular shoe for about one month. A shoe split on the medial side, along the 
margin of the sole, provides more room for the swollen, tender joint. Metatarsal bars, if 
properly placed and of sufficient height, are a benefit in lessening pain due to weight- 
bearing. Those patents with sedentary occupations were able to return to work between 
the third and fourth week. Patients who, by necessity, had to be on their feet for long 
periods of time, or whose jobs required considerable walking, were unable to carry out 
their duties until six to eight weeks had elapsed. Many patients who followed a normal 
postoperative course experienced discomfort for as long as six months after surgery, 
when they indulged in unlimited activity. 

END RESULTS 
The end results were considered from the point of view of the surgeon and from the 


opinion expressed by the patient. The surgeons’ evaluation of the 193 operations was 
as follows: 


No. Per cent. 
Excellent... .. : ne 23 12 
Good. . ; , 156 81 
Poer..... : 14 7 


This is an arthroplastic operation, and return to normal function should not be ex- 
pected in most instances. An excellent result is one in which there is a normal range of active 


‘motion in the great toe, with correction of valgus or elimination of hallux rigidus. This 


normal range of active motion is seldom obtained. A good result is one in which there is a 
fair range of active motion,—that is, dorsiflexion of 30 degrees, plantar flexion of 10 
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Fig. 2-A Fia. 2-B 


Fig. 2-A: Preoperative view of hallux rigidus with infraction of the second metatarsal head. 
Fig. 2-B: Postoperative oblique view of the same foot, showing march fracture which occurred 
six months after surgery. 


degrees, and less than 10 degrees of hallux valgus. In addition, there is ample passive 
motion, so that the great toe is unrestricted in walking. This type of result was achieved 
in the vast majority of our patients. A poor result is one in which the toe shows limited 
motion,—that is, less than 30 degrees of dorsiflexion and less than 10 degrees of plantar 
flexion with discomfort due to the restricted motion 


7 


LL, 
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Fia. 3-A Fia. 


Postoperative roentgenograms, taken immediately after surgery and three years later, show 
regeneration of the proximal end of the resected phalanx. 
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TABLE Ii 


CoMPLICATIONS IN 193 OPERATIONS 








Complication No. of Patients 


IE NI INN ooo ayo. 0-0 tases ydiora.eiotg aes acies aca Bhs .o55 eies 22 


Postoperative infection... ... Sere ria Pe OEa Micie Ronin ew ammncsed 6 
PN MIN WONG gh ooo cc ah oks ened one rac let iateettee 4 
Persistent swelling in great toe for 13 months....................... 1 
I rs. eres. bs hard 2te Me dace gwiers GOES Lo ect rem + aE 2 
Pulmonary embolus............. ee new Ena Ala AUN peter De 1 
Pneumonia, Type III....... Poo pee ee 1 
Pleurisy, posto erative S Satesearene 1 
Acute cholecystitis. .... 1 
Acute gout. ..... Matas ; ae ees 8 oe 1 
The patients’ opinions of their end results were as follows: 
No. Per cent. 
0 Ree eee re eee , ; 97 86 
Satisfied...... ROE A On Tae Le, eee ; 11 10 
Dissatisfied... ... reR SELES Pane 5 4 


From this it can be seen that the patients, almost unanimously, were pleased with the 
results of their operations. This is understandable when it is realized that the patient is 
interested chiefly in freedom from pain. The results in the five patients who were dissatis- 
fied are considered as failures; they account for seven of the fourteen poor operative 
results, as recorded by the surgeons. The remaining seven poor operative results will be 
discussed in a consideration of the complications. 

Twelve of these patients had had previous surgery for their hallux valgus. Eleven had 
simple exostectomy of the deformed first metatarsal head; the twelfth patient had resection 
of the metatarsal head. 








Fig. 4-A Fig. 4-B 
Fig. 4-A: Preoperative roentgenogram shows cystic degeneration of the head of the first meta- 
tarsal. 
Fig. 4-B: Roentgenogram taken one year after surgery for hallux rigidus. 
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In addition to the Keller operation, the following foot surgery was performed simul- 


taneously: Ten patients had excision of the proximal phalanx of the second digit for cor- 
rection of hammer-toe and alleviation of metatarsalgia. Five patients had exostectomy of 
the head of the fifth metatarsal, and one had excision of a plantar neuroma between the 
third and fourth metatarsal heads. Hallux valgus is frequently accompanied by other 
painful foot conditions, and one should not expect an operation on the great-toe joint 


to remedy coexisting foot complaints. 


COMPLICATIONS 


There were no deaths in this series, but pulmonary embolus occurred once. 


Delayed Wound Healing and Postoperative Infections 





Fia. 5-B 





The complication most commonly encoun- 
tered was delayed wound healing (Table II). 
Until the end of 1945, sutures were removed on 
the seventh to the eleventh day after operation. 
One patient had the sutures removed on the 
sixth postoperative day; the wound avulsed as 
soon as weight-bearing was begun on the follow- 
ing day. We were slow to learn that sutures in 
these wounds should remain undisturbed for 
twelve to fourteen days, and that no weight- 
bearing should be allowed for two weeks. In 
twenty-two operations there was delayed healing 
of the operative wound. In sixteen of the cases 


Fig. 5-A: Hallux valgus, before operation. 

Fig. 5-B: Roentgenogram taken immediately after 
operation. 

Fig. 5-C: Roentgenogram, taken one year later, shows 
some absorption of the remaining portion of the proxi- 
mal phalanx. 





Fig. 5-C 
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maceration of the wound margins occurred without infection or avulsion of the wound. 
The hospital stay was not prolonged in these cases, if we consider eighteen days the 
required period of hospitalization for this operation. 

The remaining six patients with delayed wound healing all had postoperative infec- 
tion. In one case, the infection was present at the time of suture removal; in the other 
five, infection developed in wounds that had avulsed following early removal of sutures 
and weight-bearing. These patients required prolonged periods of hospitalization, varying 
from twenty-one to eighty-five days. One of the six had diabetes of long standing; he had 
been treated for two months prior to his operation in an effort to clear an infected bursa 
overlying a hallux rigidus. The sutures were removed on the ninth postoperative day, 
and the wound broke down with loss of a large area of skin. The infection was controlled 
and, four weeks following operation, twenty-four pinch grafts were required to cover the 
denuded area. The wound finally healed and the patient was discharged on the sixty-fourth 
postoperative day. This was the only patient with diabetes, of the five operated upon, 
whose wound became infected; he has had a poor result with very limited motion, but 
no pain. 

All six patients with postoperative infection had stiffness of the great-toe joint; in 
five the results were considered poor by the surgeon and, as previously mentioned, one 
was a failure. The average period of hospitalization for these patients with infected 
wounds was almost fifty days. 

March Fractures 

March fractures or insufficiency fractures were noted twice (Table II). Both pa- 
tients complained of severe metatarsalgia,—one at two and one-half months, and the other 
six months following surgery. There was no history of injury in either case. The fractures 
were not suspected, but roentgenograms were taken in each instance because of the severity 
of the patient’s complaints. One had a fracture of the second metatarsal shaft, while the 
other had a fracture in the shaft of the third metatarsal. This patient, in addition to the 
hallux valgus, had infraction or osteochondritis of the second metatarsal head, treated 
surgically (Figs. 2-A and 2-B). , 





Fria. 6-A 
Preoperative rentgenograms show hallux valgus with short first metatarsals. 
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POSTOPERATIVE BONE CHANGES NOTED BY ROENTGENOGRAM 


Every patient had preoperative as well as postoperative roentgenograms. It would 
be discouraging to evaluate the end result of this procedure entirely on the basis of a 
roentgenographic study. Many patients with unfavorable roentgenographic changes had 
no symptoms. 

If resection of a portion of the phalanx is done subperiosteally, regeneration of the 
proximal end of the phalanx may occur (Figs. 3-A and 3-B). This was noted in four post- 


Fia. 6-B 
Roentgenograms, taken immediately after operation, show that a fragment of bone has been 
left behind, medial to the head of the right metatarsal. Otherwise the condition appears satisfactory. 


Fia. 6-C 
One and one-half years after operation, roentgenograms show cystic degeneration of the head 
of the first metatarsal bilaterally. 
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Fie. 6-D 
Fig. 6-D: Roentgenograms, taken six 
and one-half years after the Keller ar- 
throplasty and five years after attempt 
to arthrodese the metatarsophalangeal 
joints, show fusion on the left and 
pseudarthrosis on the right. The wire 
for fusion of the first metatarsophalan- 
} geal joint is still in situ. The left foot was 
asymptomatic; the right remained pain- 
ful. 
Fig. 6-E: Final roentgenogram of the 
right foot shows that the wire has been 
removed; pseudarthrosis persists. 
operative roentgenograms. Fortu- 
; nately, in these cases no symptoms 
developed, but if the original condi- 
tion had been hallux rigidus, the 
condition would have tended to 
recur. 
Cystic degeneration of the heac ? ; 
' 2° — id Fia. 6-E 
of the first metatarsal was encoun- 
tered in five instances (Figs. 4-A and 4-B). Four of these patients had hallux rigidus, and 
these changes are probably related to the existing arthritis. 

There were two instances in which partial absorption of the remaining portion of the 
proximal phalanx occurred after operation (Figs. 5-A, 5-B, and 5-C). In neither case did 
the patient have symptoms resulting from the absorption. 

? 
FAILURES 

Operative failure is more prone to occur in hallux rigidus, when an inadequate re- 
section of the proximal phalanx has been performed. The results in five patients, upon 
whom six operative procedures were carried out, must be considered as failures, because 
of persistent pain, either alone or in combination with stiffness of the joint which had 

} been operated upon. 
ki Case 1. L. G., a woman, forty-five years old, is still having pain in the right great toe and fore part of 
the foot, seven years after her original surgery. This patient had a bilateral Keller operation in January 1942, 
RY : 
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Fia. 7-A 


Preoperative roentgenograms show moderately severe bilateral hallux valgus. | 








Fic. 7-B 


Roentgenograms, taken one year after operation, show only partial correction of the hallux 
valgus on the left. The hypertrophic sesamoid bone may be seen, underlying the first metatarsal 
head in each foot. 


for hallux valgus (Figs. 6-A and 6-B). The wounds healed well and she was discharged on the seventeenth 
day after operation, Her postoperative roentgenograms appeared satisfactory. She was given exercises for i 
her toes, and at a later date metatarsal bars were applied to her shoes. In June 1943, one and one-half years i 
after the operation, the patient was still having considerable pain in both great toes. There was limited motion 
in the great toes, and roentgenograms showed cystic degeneration of the first metatarsal head bilaterally 
(Fig. 6-C). Since the short first metatarsal is a cause of metatarsalgia, fusion of the metatarsophalangeal joint 
of the great toe was done in an attempt to lengthen the first metatarsals. 

Five years later the patient returned to the Out-Patient Department, complaining of metatarsalgia 
and pain in the scar of the Keller incision on the right. In June 1948, six and one-half years following the 
Keller arthroplasty and five years after the attempt to arthrodese the metatarsophalangeal joints (Fig. 6-D), 
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the wire was removed from the right great toe and a neuroma in the scar was excised. Pseudarthrosis of the 
metatarsophalangeal joint was present (Fig. 6-E). The left great toe was fused solidly and did not produce 
symptoms. When last seen, nearly seven years following the original Keller operation, the patient still had 
pain in her right great toe and fore part of the foot. Motion was still present in her right first metatarso- 
phalangeal joint. This rather unusual operation was successful in lengthening the first metatarsal and elimi- 
nating metatarsalgia on one side. 


Case 2. The next failure occurred in I.S., a woman, sixty-two years old. A bilateral Keller operation was 
performed in June 1942, for moderately severe hallux valgus (Fig. 7-A). Twenty-nine months after operation 


Fig. 8-A 


Preoperative roentgenograms show bilateral hallux rigidus. 


Fia. 8-B 
Roentgenograms, taken six months after the Keller arthroplasty, show insufficient removal of 
the proximal phalanx. 
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Fra. 8-C 


The final roentgenograms, taken five and one-half years after operation, show ankylosis of the 
first metatarsophalangeal joint on the right and recurrence of the hallux rigidus on the left. 


the patient was still having pain, and all supportive measures had failed to alleviate her complaints. There 
was only partial correction of the hallux valgus on the left, and the great toe was held in 10 degrees of dorsi- 
flexion. In addition to the persistent hallux valgus, the sesamoid bone underlying the first metatarsal head 
was hypertrophic (Fig. 7-B). 


Case 3. A failure occurred in a woman, sixty-six years old, who had complained of pain in both feet for 
many years. A Keller arthroplasty was performed on the left foot in August 1943. The wounds healed by 
first intention, and the patient was discharged twenty-one days after operation. She continued to have pain; 
twenty-seven months after the operation, she still complained of pain in association with weight-bearing. 
Her last roentgenograms, two years after operation, showed nothing remarkable, although there was evidence 
of cystic changes in the heads of the first metatarsals. Shortly after her last visit to the Orthopaedic Clinic, 
this patient was admitted to the hospital for an emergency abdominal operation; she died of uraemia. 


Case 4. A man, forty-seven years old, complained of pain three years after he had had a Keller arthro- 
plasty for hallux rigidus. Examination showed that some rigidus had recurred in his metatarsophalangeal 
joint. This patient had returned, one and one-half years after the operation, complaining of pain; and he 
reported at that time that he had dropped a cooking pot on his great toe. 


Case 5. The fifth failure occurred in a woman, fifty-one years old, who had bilateral hallux rigidus (Fig. 
8-A). Postoperatively the wound on the left failed to heal promptly and there was a two-millimeter area of 
sloughing in the center of the incision, which required thirty-one days to heal. In three months the patient 
was walking approximately one-half mile, and had little pain beneath the first metatarsal head on the left. 

Six months after her operation she had an excellent range of motion and no pain associated with walking. 
She was very pleased. However, the postoperative roentgenograms (Fig. 8-B) show that an insufficient 
amount of the proximal phalanx had been resected bilaterally. 

When next seen, five and one-half years later, the patient stated that her tees were fine, but that she 
had pain beneath the second and third metatarsal heads bilaterally and a painful callus beneath the right 
great toe. When examined, she had no motion in the metatarsophalangeal joint of the right great toe and 
practically none in the left. The final roentgenograms show ankylosis of the first metatarsophalangeal joint 
on the right with recurrent hallux rigidus on the left (Fig. 8-C). In spite of the patient’s opinion that her toes 
were fine, the result must be considered a failure. 


CONCLUSIONS 
1. Arthroplasty of the metatarsophalangeal joint of the great toe by the Keller pro- 
cedure gave good or excellent resu!ts in 93 per cent. of 193 operations in this series. 
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2. Only five of the 113 patients were dissatisfied, or had complete operative failures. 

3. The chief complication has been delayed wound healing, caused by early removal 
of sutures and by weight-bearing before the fourteenth day after operation. 

4. A long period of convalescence is required after this procedure. 
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CHRONIC NON-SPECIFIC TENOSYNOVITIS WITH EFFUSION 
ABOUT THE ANKLE 


Report oF THREE CASES 
BY PAUL W. LAPIDUS, M.D., AND HAROLD SEIDENSTEIN, M.D., NEW YORK, N. Y. 
From the Hospital for Joint Diseases, New York City 


The non-specific inflammatory lesions of the tendons, to which this discussion will 
be limited, may be divided into three groups: (1) peritendinitis crepitans; (2) stenosing 
tenosynovitis; and (3) chronic tenosynovitis with effusion. 

Peritendinitis Crepitans 

In peritendinitis crepitans, the deposition of fibrin in the peritendinous and also the 
perimuscular areolar tissue produces characteristic crepitation on motion. The condition 
is usually of an occupational nature, and is caused by frequent, prolonged repetition of 
the same motion. It is particularly prone to develop in a person who is unaccustomed to 
a new type of work, or in an old worker who is out of training’. The crepitus is more 
marked in the morning and disappears after use of the limb. The condition may also 
follow trauma, infection, or a combination of both. 

Cohen and Reid reported seven cases of peritendinitis crepitans associated with 
oxaluria, in all of which the tenosynovitis cleared a few weeks after institution of a diet 
to control the oxaluria, combined with physical therapy. 
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Howard performed biopsy in three of his thirty-two cases of peritendinitis crepitans; 
he found acute degenerative muscle changes, bv’ the tendon sheaths were uninvolved. 
He emphasized: “‘The disease is not connected :.ith the synovial tendon sheaths, and is 
not a ‘synovitis sicca’”. Rest and physical therapy invariably relieve the condition 
within a few days. 

Stenosing Tenosynovitis 

Stenosing tenosynovitis, of course, occurs only in tendons possessing a synovial 
sheath, with the constriction located at the narrowest portion of that sheath. One of the 
common locations for stenosing tenosynovitis is at the radial styloid, where both the 
abductor pollicis longus and the extensor pollicis brevis share the same sheath. The 
important action of these two muscles as stabilizers of the thumb, together with the 
narrowness of the channel through which both of their tendons pass, lying directly on the 
bone and being surrounded by tough, unyielding fibers of the annular ligament, create 
favorable conditions for stenosis of this sheath®. 

A similar anatomical and mechanical situation, producing “trigger-finger’’, exists 
on the palmar aspect of the metacarpals, just proximal to the metacarpophalangeal joint, 
where the tendons of the flexor digitorum sublimis and the flexor digitorum profundus 
pass through a narrow sheath, lying close to the bone and bound by the unyielding crucial 
and transverse fibers of the palmar fascia. 

Frequently repeated action of the same muscles produces inflammatory changes, 
with subsequent fibrosis and hourglass constriction of the tendon sheath and of the 
tendon’®. 

Although in early cases (less than four weeks) immobilization for three or four weeks 
may occasionally relieve the symptoms, surgery is usually required in the older cases. 
The operation is comparatively simple and is usually performed with local anaesthesia, 
the patient leaving the hospital immediately thereafter and returning to work two or 
three weeks later. In a small number of the authors’ cases, the symptoms subsided spon- 
taneously in a few months. 

Hackenbroch, in 1927, reported two cases of typical post-traumatic stenosing teno- 
synovitis with an unusual location in the peroneal sheath, below the lateral malleolus. 
Both were relieved by the operation. Jagerink, in 1928, also obtained complete cure after 
operative release of a stenosing tenosynovitis of the anterior tibial sheath, which is a 
most unusual location. 

Chronic Tenosynovitis with Effusion 

The third group, tenosynovitis with effusion, is the one to which all of the cases 
reported here belong. Most commonly, chronic effusion in the synovial sheath is due to 
tuberculosis, and is observed on the dorsum of the hand or foot or in the palmar synovial 
sheaths of the wrist. The synovial sheath is distended with fluid and contains typical rice 
bodies. Occasionally, single or multiple foci of tenosynovitis may precede or be associated 
with rheumatoid polyarthritis; this has been observed in cases with Still’s syndrome’. 
Tuberculosis and suppurative forms of tenosynovitis are not within the scope of this 
paper. 

Non-specific chronic tenosynovitis with effusion must be considered a rarity, par- 
ticularly at the ankle. A thorough search of the literature* disclosed only one case some- 
what similar to the authors’ Cases 2 and 3, that reported by Kulowski, in which the 
posterior tibial tendon sheath was affected. No case was found of tenosynovitis of the 
flexor hallucis longus, resembling Case 1. 

Volk reported sixty-three cases of ‘traumatic tenosynovitis’’, found in Army training 
‘amps. All of his patients returned to full duty after an average of five days of rest and 


* Quarterly Cumulative Index Medicus, Volumes 1 to 41, inclusive (January 1927 through June 1947), 
were checked under the headings of ‘‘Foot” and “Tendon”’. 
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physical therapy. The Achilles tendon was most commonly affected,—in forty-two cases. 
Other tendons of the foot included the extensor hallucis longus in nine cases; the tibialis 
anterior in five cases; the tibialis posterior in one case; and the peronaeus in one case. 
All of Volk’s cases belonged to our first group,—namely, peritendinitis crepitans. 
Lipscomb studied 190 cases of non-specific tenosynovitis, mainly of the hand and 
foot. In only fifteen cases were the patients operated upon and pathological studies made. 
Lipscomb stated: ‘In one case definitely murky fluid was present under pressure”. Of 
the entire series, twelve cases were recorded in which the posterior tibial tendon was 
involved, and three cases in which the flexor hallucis longus tendon was involved; the 
series included cases of peritendinitis crepitans, stenosing tenosynovitis, and one case 
which was apparently tenosynovitis with effusion. On microscopic study, definite patho- 
logical changes were found in the tendon sheaths, with various stages of chronic inflamma- 
tion. Unfortunately, Lipscomb does not specify which of his cases were treated'surgically. 
Bonnet presented one case in which he postulated that pressure by an unusually 
large trochlear process of the calcaneus produced what he thought to be peroneal teno- 
synovitis. The condition was relieved by Whitman plates. Pollosson, in discussing Bonnet’s 
presentation, recalled two similar cases, in one of which the enlarged trochlear process 
had been removed, but the peroneal synovial sheath had appeared to be normal. 
Aberle-Horstenegg called attention to a painful condition over the sole of the foot, 
due to tenosynovitis of the distal synovial sheath of the peronaeus longus tendon, near 
its insertion into the base of the first metatarsal. 
In view of the apparent infrequency of non-specific tenosynovitis at the ankle, the 
authors wish to record the findings in three patients, the only ones known to have been 
operated upon for this condition at the Hospital for Joint Diseases. 


Case 1. H. F., a physician, thirty-five years old, was first seen in August 1946. Examination showed a 
slightly tender, diffuse swelling behind the ieft medial malleolus. Motions of the foot were free and there 
was no limp. About one and one-half years before, slight lameness had developed, and pronounced swelling 
and pitting on pressure had appeared around the right ankle, particularly over its medial aspect. There was 
no preceding injury or illness. The condition had gradually subsided two or three months later. In the 
summer of 1946, severe pain developed around the left medial malleolus, and the patient was compelled to 
discontinue athletics. 

The past history was not contributory, except that at the age of fifteen years, hemoptysis had suddenly 
developed, lasting for twenty-four hours. The patient made a complete recovery after being in bed for six 
weeks, and had never had recurrence of the hemoptysis. Subsequent clinical study had excluded the possi- 
bility of tuberculosis. The patient had always enjoyed good health, and was quite active in athletics. 

Roentgenograms of the left ankle and laboratory studies, including the blood Wassermann reaction 
and sedimentation rate, were normal. Strapping of the ankle failed to relieve the symptoms. Roentgenograms 
taken in October and November showed “‘slight calcification” in the soft tissue over the medial aspect of 
the ankle. Deep roentgenotherapy and local infiltrations with novocain solution produced no effect. At- 
tempted aspiration over the medial aspect of the ankle by another orthopaedic surgeon failed to produce 
any fluid. i 

When examine on January 18, 1947, the patient appeared in excellent general health. His gait was 
normal and he was able to walk on his toes, heels, and the lateral borders of his feet without difficulty. 
He could squat well, and had no discomfort when hopping on the toes of either foot. The feet were well 
formed, and there was good pulsation of the arteries. There was one-quarter inch of atrophy of the left 
calf and a half-inch enlargement of the left ankle. Moderately tender fullness and slightly increased local 
heat. were noted behind the left medial malleolus; the tenderness seemed to correspond with the location 
of the synovial sheath of the flexor hallucis longus. 

Forceful active plantar flexion of the left big toe against passive resistance constantly produced pain 
over the same area. Since similar testing of the posterior tibial muscles and the flexor digitorum longus 
produced no pain, and since all other motions of the foot, both active and passive, were free and painless, 
a tentative diagnosis was made of “benign tumor or chronic tenosynovitis of the flexor hallucis longus”’. 
The possibility of infection with Koch’s bacillus or of hemangioma of the sheath was considered. 

Additional roentgenograms showed slight soft-tissue enlargement and slight calcification and tortuosity 
of blood vessels behind the left medial malleolus. Similar calcification of blood vessels was present on the 
normal right side. Exactly the same changes were found when all previous roentgenograms of the left foot 
were compared. 
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On March 28, the patient was operated upon at the Hospital for Joint Diseases, general anaesthesia 
being used. Without a tourniquet, the synovial sheath of the flexor hallucis longus was exposed through a 
seven-inch incision, curving posteriorly around the medial malleolus. The synovial sheath of the flexor 
hallucis longus above the posterior process of the talus was found to be distended to about the thickness of 
a little finger, and contained about 2 cubic centimeters of yellow fluid. Its wall was thickened and there 
was purplish discoloration of the tendon and the synovial surface of the sheath. The tendon itself was not 
enlarged, but had lost its normal pearly appearance. The synovial sheath was excised without damage to 
the posterior ligaments, the channel for the tendon at the sulcus of the flexor hallucis longus over the talus 
being undisturbed. 

The patient was discharged from the Hospital on the sixth postoperative day, walking with crutches, 
without any immobilization of the left foot. The pathological diagnosis was “non-specific low-grade teno- 
synovitis”. There was no evidence of tuberculosis. 

On April 17 (three weeks after the operation), the patient was able to walk on his toes, and forceful 
flexion of the left big toe against resistance did not cause pain. He was discharged from observation on May 8, 
completely free of symptoms, and was allowed gradually to resume athletic activities. At follow-up exam- 
ination on October 20, 1948 (one year and seven months after the operation), the patient was entirely 
symptom-free, except that the left foot seemed to tire more quickly than the right after overexertion. This, 
however, did not prevent him from participating in athletics without discomfort. 


Case 2. J. G., a man, fifty-eight years old, consulted Dr. Leo Mayer on April 19, 1944, because of 
occasional pain over the medial aspect of the left ankle, which had started spontaneously about three years 
previously. It had been preceded by pain in his shoulders, elbows, and knees, all of which had subsided. 
The ankle pain was described as “drawing” in character. It was present constantly, but was more pronounced 
during the first few steps taken after resting; it was relieved by walking. Various forms of treatment, such 
as physical therapy, injections, and immobilization, gave no relief. The patient’s general health had been fair. 

Examination revealed that he walked with a slight left-sided limp which increased when walking 
without shoes, the patient being unable to bear weight on the left tiptoes. Slight swelling, increased local 
heat, and marked sensitivity were noted around the left medial malleolus, the tenderness appearing to be 
more marked over the bone. No tenderness was present elsewhere in the ankle. Complete laboratory studies 
were essentially negative. 

Roentgenograms showed an area of absorption over the medial malleolus, measuring one and one-quarter 
inches in length. The preoperative diagnosis was neoplasm of the left medial malleolus. 

On May 10, 1944, the patient was operated upon by Dr. Mayer at the Hospital for Joint Diseases. 
Exploration of the medial malleolus in the area showing rarefaction revealed no pathological changes. The 
synovial sheath of the posterior tibial tendon contained a little fluid; most of its synovial surface and a con- 
siderable portion of the tendon itself were covered with brownish-red granulations, changes described as 
strongly suggestive of tuberculosis. The entire sheath was excised. The adjacent posterior surface of the 
tibia and that of the talus appeared to be softened, and they were removed with a gouge. The ankle joint 
itself was normal. The ankle was immobilized in a plaster-of-Paris casing. 

The postoperative diagnosis was recorded as “tuberculosis of the tibialis posticus sheath and tibia and 
astragalus”. The pathologist’s examination (B-32311), however, showed no evidence of tuberculosis in the 
soft tissue or bone. An inflamed tendon sheath, in some places covered with fibrin, was found. The bone 
underlying the sheath was eroded in places, and in other places, there was evidence of new-bone formation. 
The diagnosis was: “Tenosynovitis (rheumatoid ?), ankle region, with erosion and new-bone formation in 
the neighboring bone’”’. 

The patient made a satisfactory postoperative recovery, and his local symptoms were relieved. 

On November 16, 1947, at :< unination, Dr. Mayer noted that there had been no return of pain 
in the region of the operation. k’arked sensitivity was found over the talonavicular joint, and there was 
considerable limitation of subtalar inotion. An ankle brace was recommended. 

Early in 1948, pain again developed in the various joints, and at the end of May the patient’s left 
knee became painful and swollen. Bloody fluid was aspirated from the knee several times. Roentgenograms 
on July 7, 1948, showed an area of absorp.ion of the lateral femoral condyle. Exploration was recommended, 
but the patient failed to return. 


Case 3. On March 11, 1948, a Negro houseworker, fifty-two years old, was seen because of pain and 
swelling of the left ankle. In August 1947 she had noticed a slight swelling on the medial side of the left 
ankle. The region subsequently became painful, and the pain increased despite various forms of treatment 
(including physical therapy and injections), so that she had to stop working. 

Examination revealed a swelling behind the medial malleolus, which was moderately sensitive to 
touch. The swelling was not discretely outlined, but was firm. Ankle motion was free in all directions. 
Roentgenographic examination of the left ankle revealed no evidence of bone changes. 

The impression was that the patient had a tumor of the medial aspect of the ankle. At operation on 
March 23, 1948, an incision, three and one-half inches long, was made on the posteromedial aspect of the 
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ankle joint, behind the malleolus. The sheath of the tibialis posterior tendon was seen to be bulging. When 
it was incised, about 1.5 cubic centimeters of clear yellow fluid was evacuated. Exploration of the region 
showed no tumor. The tendon appeared smooth and normal; the sheath was thickened and part of it was 
excised. Pathological study showed thickening of the tendon sheath. 

The postoperative course was uneventful, and when last seen, in August 1948, the patient stated that 
she was perfectly well. She was able to work full time and had no pain. 


SUMMARY 


In chronic non-specific tenosynovitis with effusion, localized at the ankle, the symp- 
toms may be present intermittently and the true nature of the condition may remain 
unrecognized for months or even years. 

In two of the cases reported, the posterior tibial sheath was involved, and in one, the 
flexor hallucis longus (in back of the ankle). Erosion of the tibia and talus was present in 
Case 2, probably secondary to inflammation of the posterior tibial sheath. This patient 
also had pain in various joints; and, about four years after the operation, bloody effusion 
developed in the knee on the same side. Local symptoms were relieved in all three cases 
after removal of the synovial tendon sheath. 

Norte: The authors wish to thank Leo Mayer, M.D., for his kind permission to include Case 2, and for 


his assistance in editing this paper. 
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THE MECHANISM OF ROTATION IN COMBINATION WITH 
LATERAL DEVIATION IN THE NORMAL SPINE 


BY ALVIN M. ARKIN, M.D., NEW YORK, N. Y. 


From the Orthopaedic Service of Mount Sinai Hospital *, New York City 


In an earlier paper ', the forces producing rotation in scoliosis were described. The 
mechanism is twofold. One component is contributed by the shape of the wedged vertebral 
bodies, which, acting as wedges, are squeezed out laterally toward their convex (higher) 
sides, causing convex-side rotation. Another component force is contributed by the 
tendency of muscles and ligaments under tension to describe a straight line. The soft 
structures about the curved line of spinous processes in a scoliotic spine behave in this 
manner, def'ecting the spinous processes in the middle of the curve toward its concavity, 
and contributing to the convex-side rotation ** observed clinically. 

Of these two component forces, one, the wedge mechanism, may be considered 
pathological, as it operates only in the wedged spine of structural scoliosis. The other is a 
mechanism which must operate in all spines, and hence may be considered a physiological 
mechanism for rotation in the normal spine. It is the purpose of this paper to investigate 
the combination of rotation with lateral deviation in the normal spine, to describ2 the 
underlying causes for such rotation, and to discuss some concepts currently accepted. 

The most commonly accepted explanation of the combination of rotation with lateral 
deviation is that of Lovett. He quoted Bigelow, who stated: ‘‘The principle of torsion is 
illustrated by bending a flat blade of grass or a flat, flexible stick in the direction of its 
width. The center immediately rotates upon its longitudinal axis to bend flatwise in the 
direction of its thickness. In the same way the spine, laterally flexed, turns upon its vertical 
axis to yield in its shortest or antero-posterior diameter.” (Rogers pointed out that the 
shortest diameter is not always the anteroposterior diameter throughout the spine.) 

Lovett * argued that, if a straight flexible rod ‘‘is bent in two planes at the same time, 
torsion must inevitably occur’’. (Rogers constructed such a rod and found that “a sym- 
metrical flexible rod does not rotate at all, either with side bending in extension or with 
side bending in flexion’’.) 

Lovett then stated: ‘‘The vertebral column is not a straight flexible rod, but one 
bent in physiological curves in the antero-posterior plane; side bending must therefore 
inevitably lead to torsion, because it means bending in two planes”’. This point is illus- 
trated by his familiar rubber-strip analogy. This model yields convex-side rotation in 
side-bending in flexion, and concave-side rotation in side-bending in extension. A detailed 
investigation of the principles underlying this behavior will throw light upon the whole 
problem of rotation. 

In Figure 1, A represents such a strip. The rubber is not under stress and all edges 
describe a straight line. If the strip is bent forward into what represents kyphosis (Fig. 1, 
B) the anterior edge is under compression (and is actually compressed in length), and the 
posterior edge is under tension and is elongated. The least bit of lateral deviation will 
then lead to the situation shown in Figure 1,C. The anterior edge has now almost regained 
its original length by describing a more acute curve between its two ends (making a wider 
“detour’’); the posterior edge, being under tension, describes a straighter line. This 


behavior is an example of the fact that a curved line placed under compression (the anterior 


*R. K. Lippmann, M.D., Director. 

** Concave-side rotation of the spinous processes implies, of course, convex-side rotation of the bodies. 
The direction of rotation of the bodies is the direction usually considered, and this terminology will be 
followed in this paper. Rotation, in the sense in which it is used here, is considered to mean rotation of the 
middle of the curve against both ends. 
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If next a strip of rubber is cut in a curved shape 
(Fig. 2), the anterior and posterior edges will normally describe a curve. (These edges are 
not under stress, either tension or compression, in this ‘‘normally” curved strip of rubber.) 
The strip of rubber can be deviated laterally without rotation (Fig. 2,B). The reason for 
this is clear. Without variation in tension or compression between the two edges, they 
both describe the same curve; the mechanism for rotation, illustrated in Figure 1, is not 
operating. 

An 8-shaped strip of rubber will behave similarly, as long as there is no inequality in 
stress between the two edges. If the curved strip is curved further into kyphosis (placed 
under stress), however, the compression of the anterior edge and the tension in the pos- 
terior edge will once more lead to convex-side rotation. Moreover, if the naturally curved 
strip is extended to any degree, including the position in which it is perfectly straight, 
then lateral deviation will lead to concave-side rotation. 

This rule of behavior may be summarized as follows: The edge under greater tension 
will describe the straighter line. This holds true in both flexion and extension. If there is 
no difference in tension between the two edges, there will be no difference in curves, and 
hence no rotation. 

It can now be understood why Rogers was unable to obtain rotation in sid2-bending 
of a perfectly round rubber tube, either in flexion or extension. The ‘‘edge”’ of the tube 
under tension (or compression) could escape through rotation only by placing the next 
adjacent section of the circumference under exactly the same tension (or compression). 
Hence there is no escape or advantage in rotation, since the adjacent section of the 
circumference of the tube would have to take up exactly the same burden. If the rubber 
tube is interrupted along one edge by multiple cuts, however, or if one edge is in any way 
thicker, more elastic, or under greater tension than another, rotation will occur in such a 
manner as to enable the tighter edge to describe the straighter line. If this “tighter” edge 
of the tube is to one side or the other of the “‘sagittal” plane, even straight forward flexion 
or extension, without any lateral deviation, will lead to rotation. 

Approaching the problem from another angle, Figure 3-A shows a diagram of a 
round flexible rod, viewed from above. The arrow shows the direction into which the rod 
has been deviated to obtain “‘flexion’’. There will be agreement that rotation does not 
occur in this instance. In Figure 3-B, the imaginary planes of reference have been rotated 
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45 degrees, and hence this rod is now in flexion and-lateral deviation in relation to those 
planes. The attitude of the rod itself has not changed, however, and hence there is still no 
rotation. Obviously, a round tube or rod can be deviated in two planes * without rotation 
of the middle against the ends. 

With these principles in mind, we can study the behavior of the normal spine. The 
reader will follow the argument more readily if he considers that, as in the rubber model, 
rotation is due to the difference in curvature described by the anterior “‘edge” (bodies) and 
posterior ‘‘edges”’ (spines) of the vertebral column. 


BEHAVIOR OF THE NORMAL SPINE 


A photograph of an isolated spinal column illustrates these principles (Fig. 4). The 
vertebrae have been joined by two strips of ribbon, fastened with thumbtacks to the tips 
of the spinous processes and to the middle of the anterior surfaces of the bodies. These 
two ribbons are intended to represent, approximately, the anterior and posterior soft 
structures uniting the vertebrae in life. As can be seen, lateral deviation in flexion leads 
to convex-side rotation (Fig. 5); lateral deviation in extension leads to concave-side 
rotation (Fig. 6). That this is not due to any property of the articular facets (in favoring 
convex-side or concave-side rotation, depending upon the degree of flexion) is shown by 
Figure 7. In this case, when the posterior ribbon is detached, the freed spinous processes 
escape from its influence and the involved vertebrae do not show convex-side rotation in 
flexion. Evidently rotation in this model, at least, is controlled solely by the relative 
tensions in the attached “ligaments’’, and does not depend in any degree upon the 
arrangement of the articular facets. 

Using an isolated column of vertebral bodies obtained from the cadaver, Lovett noted 
that lateral deviation in flexion yielded convex-side rotation; in extension, concave-side 
rotation. This is in accord with the principles already outlined. The behavior of Lovett’s 
model corresponds with that shown in Figures 5, 6, and 7, except that, in straight lateral 
deviation, concave-side rotation was observed by the author. The anterior longitudinal 
ligament was apparently tighter (or shrank more in preparation) than the posterior 
longitudinal ligament. 

In attempting to apply his observations to the behavior of the living spine, Lovett 
did not have the advantage of the roentgen ray. He was compelled to estimate rotation of 
the vertebrae by observing the behavior of cardboard stickers, pasted on the skin over 
the spinous processes. These, of course, indicate only the plane of the skin, and are not 
reliable indicators of actual vertebral rotation. However, Lovett concluded that the living 
spine behaved in a manner analogous to the models. 

In the spine of a living person, the rule still holds that the tighter structure describes 
the straighter line. However, the situation is more complicated than in the model or 

‘adaver. In the first place, the “ligaments” in the model or cadaver act only at extremes 
of motion, when they are tense. They are slack and do not influence rotation in any inter- 
mediate position. This is not true in the living body, where muscles exhibit tone or elas- 
ticity, and hence some resistance to displacement, at any length, even if not actively 
contracting. In the lumbar spine, for instance, this means that we should expect the 
posterior structure (the paravertebral muscles) to exert an influence toward convex-side 
rotation, not only in extreme flexion, but also in every intermediate degree of flexion— 
and indeed in extension—until overcome, in extreme hyperextension, by the tension which 
suddenly appears in this position in the anterior longitudinal ligament. Moreover, should 
some other structure, such as the anterior abdominal muscle wall, intervene to limit 
hyperextension before the anterior longitudinal ligament becomes tense, concave-side 
rotation would never occur. This is demonstrated by Rogers’ model *. 


* This is a sophism. There is really only one plane if the tube is truly round, since deviation in any plane, 
or any combination of two planes, is deviation in the direction of a single r: adius of a circle (viewing t re rod 
from above in cross section). In a perfectly round rod, all such radii are identical. 


THE JOURNAL OF BONE AND JOINT SURGERY 











ROTATION IN LATERAL DEVIATION OF THE SPINE 


Fia. 4 


Fig. 4: Lateral view of column of vertebral bodies. 
Fig. 5: Lateral deviation in flexion of a column of vertebral bodies, showing convex-side rotation. 


Fic. 6 Fia. 7 


Fig. 6: Lateral deviation in extension of a column of vertebral bodies, showing concave-side rotation. 


Fig. 7: Lateral deviation in flexion of a column of vertebral bodies. Convex-side rotation fails to 
occur because the posterior ribbon has been detached. 
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Fic. 8-A Fic. 8-B 


Fig. 8-A: Anteroposterior roentgenogram of spine, with subject supine. Psoas is relaxed. 

Fig. 8-B: Anteroposterior roentgenogram of same subject, supine. Left psoas has been tensed by 
active lifting of left heel off table. Note that the lumbar vertebral bodies are pulled to the left by the 
psoas, causing rotation and slight curvature to this side. 


Moreover, since rotation is influenced by the total tension, and not the tension per 
unit of cross section, the thick, bulky posterior structures enjoy an additional advantage 
over the anterior longitudinal ligament. This rotational influence of the posterior struc- 
tures, furthermore, is magnified by being exerted through a long lever arm, the spinous 
process. 

Apparently the posterior structures have an advantage over the anterior ones which 
should be reflected in a greater tendency toward convex-side, rather than concave-side, 
rotation. There are, in addition, lateral intrinsic structures, which may exert a significant 
influence. In Figure 4 the lumbar transverse processes have been marked by black spots. 
When the soft structures attached to these processes are put under tension, by lateral 
deviation of the spine, they also attempt to describe a straight line. This, considered alone, 
will lead to a tendency to convex-side rotation in hyperextension and in normal extension 
and—to a lesser degree, since the lumbar spine has a smaller range in flexion than in ex- 
tension—to concave-side rotation in extreme flexion. (This mechanism is much more 
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Fic. 10-A Fic. 10-B 
Fig. 10-A: A. C. Control roentgenogran:, taken without lateral deviation. 
Fig. 10-B: Lateral deviation with subject recumbent, in hyperextension. Note slight concave-side 
rotation in lumbar spine. (Compare with Fig. 10-A.) 
important in scoliosis, where the intertransverse ligament on the convex side is under 
markedly increased tension, and hypertrophy occurs '.) 

Finally, there are extrinsic muscles which can affect rotation. Any structure which 
can pull the vertebral body or the spinous process to one side or the other (or, alternately, 
limit their excursion) can contribute to rotation. Figures 8-A and 8-B show this effect of 
active psoas contraction in pulling the vertebral body to the same side. Obviously all 
extrinsic muscles which either arise from, or insert into, the bodies or the spinous processes 
must exert some degree of rotational moment. In symmetrical and relaxed attitudes, this 
factor does not operate. 

Apparently, then, we should expect the behavior of the living spine to differ from 
that of the model in that convex-side rotation should be dominant in both flexion and 
extension of the laterally deviated spine. Concave-side rotation could appear only in 
extreme hyperextension, and only if the anterior longitudinal ligament could be made 
sufficiently taut,—that is, if the anterior abdominal wall should permit extension to this 
point. 
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Rotation in the Living Spine 


Fifty-four anteroposterior roentgenograms of the spine were taken in eight living 
subjects. The roentgenograms of three of these subjects were discarded because of slight 
curvatures, either alone or in combination with fixed rotation. Thirty-nine anteroposterior 
roentgenograms were taken of the remaining five subjects, aged twenty-seven, twenty-six, 
fifteen, eleven, and ten years. All had straight spines without curvature or rotation. 
Roentgenograms were taken in active and passive lateral deviation in (a) hyperextension, 
(b) flexion, and (c) neutral position. Some were taken with the subjects sitting, standing, 
or recumbent, and with the hips flexed or extended. (Not every position was employed in 
each subject.) Flexion and extension were maintained by applying air pillows under 
the small of the back or under the pelvis and shoulders, with the patient supine. 

For the purposes of this study, ‘‘rotation’”’ was considered as rotation of the middle 
and upper lumbar vertebrae against the sacrum, on the one hand, and against the thoracic 
spine, on the other hand. In other words, rotation in the segment from the first to the 
third lumbar vertebrae, as measured by the position of their dorsal spinous processes, was 
considered to be valid only if both the segment above and the segment below were rotated 
in an opposite direction. 

The results may be summarized as follows: In the adults, convex-side rotation 
appeared when the spine was in lateral deviation, whether in flexion, extension, or neutral 
position (Figs. 9-A and 9-B). The tendency to convex-side rotation was strongest in 
flexion and weakest in hyperextension. It was stronger in one subject than in the other, 
in whom very slight, if any, convex-side rotation was noted in extension, although convex- 
side rotation was well marked in flexion. Concave-side rotation could not be obtained, 
although roentgenograms were taken in active and passive hyperextension, with the 
subjects sitting, standing, and supine. 

The children showed less tendency to rotation with the spine in lateral deviation in 
either flexion, extension, or neutral position. Slight convex-side rotation, or most frequently 
none at all, appeared in all but one roentgenogram. However, in one subject aged fifteen, 
a roentgenogram taken with the subject in passive lateral deviation in extreme hyper- 
extension (Fig. 10-B) revealed slight concave-side rotation. This was the only film of the 
thirty-nine in which concave-side rotation was visible. 


DISCUSSION 
There has been a good deal of discussion about the occurrence of concave-side rotation 
in the living spine. The opinions of Lovett and of Schulthess in favor and those of Wern- 
dorff and Reiner in opposition have been summarized by Steindler in his excellent dis- 


cussion of the subject. Steindler concluded that ‘‘. . . concave side rotation is not 
the expression of a natural tendency, but must be the result of some active muscular 
effort. . .”. The analysis and findings reported in this paper would seem to confirm 


Steindler’s statement. (The effect of active psoas contraction can be seen in Figures 8-A 
and 8-B. It is to be noted that, if the intertransverse muscles on one side of a normally 
lordotic lumbar spine are in spasm, they tend to produce a curve concave to the affected 
side, with concave-side rotation. ) 

Concave-side rotation plays no part in clinical structural scoliosis. On the other 
hand, one of the component forces contributing to the convex-side rotation seen in 
scoliosis is produced by the soft-tissue mechanism described in this paper,—the tendency 
of structures under tension to assume a straighter line. 


CONCLUSIONS 


1. The intrinsic mechanism for rotation in combination with lateral deviation in the 
normal spine depends upon soft-tissue tensions rather than upon the arrangement of the 
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spinal articular facets. The behavior may be summarized by stating that the structure 
under the greater tenzion will describe the straighter line. 

2. Thirty-nine roentgenograms of five subjects showed a tendency to convex-side 
rotation in both flexion and extension of the laterally deviated living spine. 
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TREATMENT OF THE “HOPELESS” CEREBRAL-PALSY PATIENT 
BY HERBERT E. HIPPS, M.D., WACO, TEXAS 


Many “hopelessly paralyzed” cerebral-palsy patients have educable minds and can 
be rehabilitated to a degree well worth the effort. By “hopelessly paralyzed” is meant the 
individual, afflicted with cerebral palsy, who cannot hold his head up, sit alone, or talk, and 
who has no control, or effective use, of his hands. 


GENERAL PLAN OF TREATMENT 
Most cerebral-palsy patients, particularly the group under consideration, learn motor 
activities very slowly; hence, they should be taught only one thing at a time. For those 
severely involved, a training program of muscle relaxation, coordination, reciprocation, 
speech, voluntary use of the hands, voluntary movements of the legs, standing, and walk- 
ing, all taught at the same time, presents an insurmountable obstacle. It is possible often 
for this type of patient to learn, by continuous, unrelenting effort on one thing only. 
Some of the motor skills acquired by normal individuals are listed (Table I). In Table 
II these motor skills are arranged in the order of their importance for the development of a 
self-sustaining individual. They should be learned in this order. 
Head balance and voluntary control of the head have been placed first, for two rea- 


TABLE I 


Moror SKILLS OF A NORMAL INDIVIDUAL 


Balancing head in erect position Pointing 

Voluntary control of head movements Moving an object in a purposeful manner 
Sitting balance (sitting alone) Feeding self 

Standing balance (standing alone) Combing hair 

Walking Brushing teeth 

Running Dressing self 

Bladder and bowel control Writing 

Climbing steps, ladders, et cetera Games 

Dancing and athletics Typewriting and use of business machines 
Holding up arms Playing musical instruments 

Grasping and relinquishing objects Juggling 

Throwing Sleight-of-hand, contortionist skills, et cetera 
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sons: These are the simplest and most elementary of motor skills—among the first things a 
normal baby learns—and they must be learned before he can be expected to sit alone. 
Furthermore, sitting and moving the head in various directions promote mental develop- 
ment, as these activities extend the patient’s visual horizon from the ceiling to the world 
about him. 

Next in importance is speech, followed closely by the use of one or both hands. After 
some degree of skill has been attained in these activities, sitting balance can be learned 
and, later, standing balance; then walking is attempted. 

In each instance only one of these activities is learned at a time. When the individual 
has learned one of them, another is added, and he continually practises both of them. 
When he has learned the second, a third is added, and he continually practises all three. 
This is true throughout the list, with one exception; this exception occurs after a child has 
learned voluntarily to control head movement. Then he can be taught speech and the use 
of his hands at the same time, since these two motor activities augment each other. 

This phase of training—that is, learning speech and the use of the hands—is exceed- 
ingly long and arduous, since these are the most important self-sustaining activities. 
Time and effort spent in trying to teach the child to walk, when he cannot balance his 
head, speak, or use his hands, are wasted. 


Teaching Head Balance 


Two things are wrong with the neck muscles of the cerebral-palsy patient: (1) He has 
no voluntary control over them. (2) The muscles are so weak, because he has spent all of 
his life lying in bed, that, even if he did have full voluntary control over them, he could not 
hold his head up and move it for very 
long. His head, therefore, must be sup- 
ported in such a way that it can be 
moved voluntarily. A specially devised 
chair-brace will perform this function 
(Fig. 1). 

The patient is placed in this 
chair, with one lower extremity on 
ach side of the mid-seat post. The 
post is movable, and it is adjusted to 
fit snugly against the crotch. Straps 
across the chest and pelvis, across the 
lap, and over the mid-portions of the 
legs, hold the child securely and com- 
fortably in position. His head is loosely 
supported in an upright position, in a 
supporting device which is movable, 
permitting free rotation of the head. 

The mother may put this chair in 
the kitchen in such a place that, as she 
moves back and forth, the child must 
turn his head to watch her. The longer 
the child is kept in the chair each day, 
the more rapidly will he learn, if he is 
at all capable of learning. The more 
often he moves his head from one side 
to the other, the more rapidly will he 
learn to control movements of his s 
head, and the more rapidly will the Fic. 1 
muscles of his neck gain strength. Chair-brace for teaching head balance and sitting balance. 
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YABLE II 


Moror SKILLS IN ORDER OF IMPORTANCE 





Balancing head in erect position 

Voluntary control of head movements in erect positicn 
Use of arms, hands, and fingers 

Speech 

Biadder and bowel control 

Sitting balance (sitting alone) 

Standing balance (standing alone) 

Walking 


During this time the child should not be given any other form of therapy. All of his 
waking hours should be devoted to learning to balance his head and to move it voluntarily 
in any direction. 

After the child has learned to rotate his head easily from side to side, the head support 
gradually may be left off. At first it may be removed for only an hour in the morning; then, 
in a few weeks or months, for an additional hour in the afternoon. These intervals are 
gradually increased, until finally he is sitting in the chair all day, balancing his head and 
moving it in any direction without support. At that point, the head support may be re- 
moved from the chair. The time has come to teach him to use his hands and arms, and to 
learn speech. 


Teaching Speech and Use of Hands 


Speech is best taught by a trained speech therapist. The mother can, for the most part, 
teach the child to use his hands and arms, but she should seek instruction from a competent 
physical therapist at intervals. 

A child is much more eager to play with a moving toy than with one that is lying still. 
Toys, therefore, are suspended from the overhead arm, built for that purpose. The mother 
must make frequent attempts during the day to get the child to play with these toys. 

At no time is the child given exercises for relaxation, coordination, or reciprocal! mo- 
tion of the arms, stretching or massage, or passive movement. Any time and effort spent in 
giving such exercises are wasted; it is far better to try to get the child to perform some 
purposeful movement himself. 

These children learn best directly, by doing. If a normal child is to learn to play a 
piano, he practises on the piano; he learns by constant, repetitious efforts, by trying and 
working, again and again. This is also the most certain way for the child with cerebral 
palsy to learn to do any one thing. 

Most of the ‘‘hopelessly’’ involved must stay in this second stage of training for an 
exceedingly long period of time. However, if they learn enough speech to make themselves 
understood, and learn to use the hands well enough to feed themselves, brush their teeth, 
comb their hair, and perform some of the other more necessary motor activities of normal 
living, then the next stage can be started,—sitting balance. 


Teaching Sitting Balance 

This same special chair-brace may be used in teaching the child to balance himself in 
a sitting position. The chest strap is removed and the back of the chair, which is adjust- 
able, is lowered to about the middle of the chest. When the child has learned to balance the 
upper portion of his body, the back of the chair is lowered to the level of the waist, and still 
later to the level of the pelvis. Finally the pelvic strap is removed, and the back of the 
chair is dropped below the level of the seat. This leaves the child sitting on a stool with side 
arms. After this, or coincident with the lowering of the back piece, the side arms are gradu- 
ally moved away from his body, and finally they are removed. 
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TREATMENT OF THE CEREBRAL-PALSY PATIENT 191 
TABLE III 
ReEsv.ts IN NINETEEN PATIENTS 
Age at 
Start of Time Required to Learn 
Type of Treatment Head Balance Sitting Balance Improved 

Patient Paralysis (Years) (Months) (Months) Hand Usage 
M. J. Spastic 3 5 3 Yes 

7; ts Spastic 2 1 2 Yes 

S. T. Spastic 4 Not yet Not yet No 

A. J. Spastic 6 7 12 Yes 

8. M. Spastic 1 3 6 Yes 
M. M. Spastic 44 9 18 Yes 
oR. Spastic 3 4 8 Yes 

A. S. Spastic 5 13 Not yet No 

KE. I. Spastic 2 6 4 Yes 

K. J. Spastic 214 2 l Yes 

M. W. Spastic 5 Not yet Not yet No 
G.S. Ataxic? 3 23 Not yet No 
Fs Ataxic? 34 Not yet Not yet No 

R. B. Athetoid 2 12 20 No 
J.S. Athetoid 17 Not yet Not yet No 

i. 5 Athetoid 9 Not yet Not yet No 

D. D. Athetoid 8 8 6 Yes 

S. K. ‘Athetoid 2 1 3 Yes 
T.M Athetoid 12 10 8 


Seldom does one of these severely afflicted patients progress beyond this to the stage 
of learning to stand alone and to walk; but, even if he does not, he has by this time become 
a self-sustaining individual. 


COMMENT 


Nineteen “hopeless” patients have been treated in this way. The results (Table ITT) 
are not spectacular, but it must be remembered that we are dealing with a group of patients 
who have, for the most part, been considered as hopeless invalids. Most of them already 
had been treated for considerable periods of time by the usual methods of treatment and 
had shown no improvement. This new and common-sense approach to the treatment and 
training of these patients is yielding slow, but gratifying, results. 
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LATERAL ROENTGENOGRAPHIC EXAMINATION OF THE 
THORACIC SPINE * 


BY DR. GERALDO GUERREIRO, SAO PAULO, BRASIL 


The roentgenographic study of the thoracic portion of the spinal column has offered 
a number of serious problems, especially when the films are taken with the spine in the 
profile position. Oblique roentgenograms taken from various positions have been em- 
ployed in an effort to achieve a satisfactory examination; but even with the use of this 
method, the small compression fractures can pass unperceived. Similarly, arthritic 
changes or destructive developments in the posterior portion of the body of the vertebra 
and in the articular process may also go unnoticed. 

















Fig. 1 Fia. 2 


In order that the difficulty might be overcome, a roentgenogram was taken of the 
spinal column in profile, the patient being placed in an orthostatic position with vertebral 
support. The patient was then told to breathe slowly and deeply during the course of the 
roentgenographic exposure. (Fifty kilovolts and fifteen milliamperes were used for a 
period of fifteen seconds; there was a focal distance of two meters.) 

As a result of this technique, there was a complete disappearance of the ribs from 
the plate. The spinal column was outlined with the clarity of the actual anatomical 
structure (Figs. 1 and 2). 

Another interesting result was that the aortic arc also appeared to be clearly out- 
lined. 

* Read at the First Brazilian Radiology Congress, Sio Paulo, Brasil, September 1948. 
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OSTEOMALACIA*® + 
BY MARY S. SHERMAN, M.D., CHICAGO, ILLINOIS 


From the Department of Surgery, Division of Orthopaedic Surgery, University of Chicago 


Legend and history, so difficult to separate, have contributed a number of ancient 
stories of patients who suffered from softened bones and resultant deformities. There are 
several notes of reports by early Arabian physicians, one of whom described a case which 
was seen in the days of Mohammed ”’ *! Throughout succeeding centuries there appeared 
occasional references to such disorders, which were usually termed mollities ossium (‘soft- 
ening of the bones’’) or malacosteon (“‘softening of the ribs’’). It is not known precisely 
when the term osteomalacia came into use or by whom it was first applied, but all three 
words began to be used interchangeably in the description of any disorder which was ac- 
companied by skeletal softening or deformity. 

Early in the eighteenth century it was noted that such skeletal disease was prevalent 
among adult multiparous females, and that the resultant pelvic deformities frequently 
prevented normal deliveries. In fact, as early as 1768, Caesarean section was being per- 
formed in consequence *. The disease, known appropriately as ‘“‘back and thigh pains”’, 
began to be recognized as a specific type of bone softening, and in 1772 Levacher de la 
Feutrie introduced the idea that it was adult rickets. He was unwilling to assume that it 
was identical with childhood rickets, as were later pathologists such as Lobstein. In the 
meantime Schiitte had reported, in 1824, on the curative value of cod-liver oil. He referred 
to five cases seen as far back as 1800, four of which were rickets. The other patient, a 
woman stated to have chronic rheumatism with paralysis of the lower extremities, was 
probably suffering from osteomalacia. All were cured by taking cod-liver oil *. These ob- 
servations were not lost on Trousseau and Laségue, who not only supported the theory that 
rickets and osteomalacia are the same disease, but reported several cases of advanced 
osteomalacia cured by the administration of cod-liver oil. 

Unfortunately the thinking of these men made little impression on their colleagues, 
who, believing that rickets and osteomalacia were entirely separate diseases, began to 
search indiscriminately for the cause of the latter. A severe blow to the theories of Trous- 
seau and Las*gue was delivered by Virchow who, in 1853, stated categorically that there 
was no similarity between rickets and osteomalacia. The final state of confusion was pro- 
duced by the persistent tendency of most physicians to call any bone-destroying lesion 
osteomalacia, regardless of the etiology. Occasionally someone was moved to wonder, as 
Bartlett did, whether the patient’s fungating breast cancer might perhaps be concerned, or 
whether ‘osteomalacia pthisica’’ might differ from “osteomalacia carcinomatosa’’. It is 
interesting that Bence-Jones’ original description of the urinary protein known by his 
name was reported under the title: ‘On a New Substance Occurring in the Urine of a Pa- 
tient with Mollities Ossium’’. The postmortem description of the gross appearance of the 
bones has been widely quoted as sufficiently characteristic to be diagnostic of osteomalacia! 

Virchow and his followers, having promulgated the ‘‘halisteresis’’ theory, built an 
elaborate explanation. The difference between rickets and osteomalacia, Virchow said, was 
that, in the former, osteoid tissue was laid down and failed to calcify; while in the latter, 
the mineral content of mature bone was actually leached out. Such a theory necessitated 
the postulation of a leaching substance and, since one decalcifies bone in vitro by means of 
acids, the hunt was on for an acid which could circulate in the blood and attack the bone. 
A few investigetors, such as Moers and Muck and Otto Weber, claimed to have found 
abnormal amounts of lactic acid in the bones and urine of patients with osteomalacia. 


19 


Subsequent reports failed to confirm this work * 


* Received for publication February 28, 1949. 
+ This work was aided by a grant from the Douglas Smith Foundation. 
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The picture began to be clarified again when Pommer, in 1885, took issue with Vir- 
chow. Pommer re-examined the evidence and ‘concluded that rickets and osteomalacia 
were identical. Some years later von Recklinghausen aligned himself with Virchow, but it 
was not long before such eminent men as Cohnheim, Schmorl, and Looser agreed with 
Pommer. Although there are still a few who object, it is now quite generally accepted that 
the pathology and etiology of rickets and osteomalacia are the same. 

In the meantime the clinicians, with a fine disregard for all that had gone before, also 
were searching for the cause of osteomalacia. In°1879, Fochier reported spectacular im- 
provement in an osteomalacic woman upon whom he had performed a panhysterectomy, 
following a Caesarean section necessitated by pelvic deformity. Since osteomalacia had al- 
ways been a disease predominantly of females, this report aroused great enthusiasm and 
oophorectomy suddenly became a very popular operation, in spite of the fact that no one 
could demonstrate any pathological changes in the ovaries removed. After the initial en- 
thusiasm had worn off, it became apparent that the percentage of cures was not so high as 


had been thought. When methods of studying the calcium metabolism became available, it 


was soon shown that any benefit from such surgical treatment probably resulted from the 
prevention of further pregnancies. 

By one or another investigator, almost every gland of internal secretion has been 
considered responsible for osteomalacia. Scipiades announced, on the basis of animal ex- 
perimentation, that the true cause of osteomalacia was thymus deficiency. He reported a 
case in which the patient’s symptoms had begun during her eighth pregnancy and had 
progressed for two years. Scipiades transplanted the thymus gland of a newborn infant to 
the abdominal muscle of the patient. The woman is said to have improved rapidly and to 
have remained well for three years. There seems to have heen little follow-up on this work. 

In 1905, Hoennicke, who had noted the occasional occurrence of thyroid dysfunc- 
tion and osteomalacia in the same patient, advocated thyroidectomy as a therapeutic 
measure. About the same time Cristofoletti decided that a hypofunction of the adrenals 
(secondary to deranged ovarian activity) was at fault, and began to treat his patients by 
castration plus adrenalin injections. Treatment with adrenalin had quite a vogue there- 
after, but was gradually discarded. Arcangeli and others were, in the meantime, support- 
ing the theory that osteomalacia was an infectious disease, due to a specific diplococcus * *. 
Their researches led them to abandon treatment by means of prolonged administration of 
chloroform and to use autogenous vaccines instead. 

In 1906, Erdheim reported the occasional hypertrophy or hyperplasia of the para- 
thyroid glands in cases of osteomalacia. He and several of his colleagues rightly interpreted 
this finding as indicating a secondary response to underlying skeletal disease. However, 
many clinicians failed to understand the conclusions, and thus parathyroidectomy for 
osteomalacia had a brief period of popularity. 

Nor was the pituitary gland overlooked. In 1911, Bab decided that a normal-appear- 
ing ovary might still be deficient in function as a result of derangement of the hypophysis. 
Since a hyperfunctioning hypophysis produced acromegaly, a condition which may be at- 
tended by amenorrhoea, Bab treated osteomalacia with hypophyseai extracts. The results, 
aus might be expected, were negligible. 

It remained for Curschmann, Naegeli, and others to cover the entire field with a theory 
that not one, but all, glands of internal secretion might be deranged; they, therefore, ad- 
vanced the theory that osteomalacia was a “‘pluriglandular upset’’. 

The period of confusion began to end when the admirable pathological studies of 
Pommer, Looser, and others could be supplemented with metabolic investigations. The 
pioneers in this field were a group of Boston investigators %, whose first studies were made 
on a sixteen-year-old girl, said to have been crippled for several years with osteomalacia. 
This history, together with the fact that the preponderance of the calcium lost by this pa- 
tient appeared in the urine, suggests that the condition was already in a remission. How- 
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ever, the studies were of considerable value, since they were repeated twice after the pa- 
tient had undergone castration 47. The second experiment, performed a few months after 
operation when there was clinical improvement, showed a markedly positive calcium bal- 
ance, an increase in nitrogen retention, and a reduction of sulphur retention, which had 
previously been abnormally high. One year after operation the disease process again be- 
came acute and the experiments were repeated. By this time the loss of calcium was even 
greater than it had been initially, and most of the calcium was found in the faeces. The con- 
clusion was unavoidable that castration had no permanent effect on calcium metabolism 
and that its apparent beneficial effect on osteomalacia must be in preventing pregnancy *”. 
This conclusion was supported further by subsequent work on castrated dogs, both male 
and female. 

McCrudden also furnished telling evidence against the halisteresis theory with his 
chemical analysis of osteomalacic bones, both animal and human “ 48. In both he found, 
as others had, that the total ash content, in particular the calcium and phosphorus, was 
markedly decreased. Inorganic sulphur and magnesium were, in contrast, increased to four 
or five times normal values. Such a variation in composition could not result from simple 
removal of calcium and phosphorus from mature bone, but supports the hypothesis that 
the old bone is removed in toto and a new material, rich in sulphur and magnesium, is laid 
down in its place. 

The most significant modern study of osteomalacia has been done by the workers at 
the Peiping Union Medical School. In 1925, they published the first of a series of excellent 
metabolic studies, which cover most phases of the problem. That they were dealing with 
the same entity which was discussed by other workers is proved by their careful supple- 
mentary pathological studies and the chemical analysis of bones * 1 26 38-42, 58, 

Their findings, in brief, are as follows: Patients with active osteomalacia are always 
in negative calcium balance. In the milder cases, normal levels of serum calcium and phos- 
phorus are exhibited. In the more severe cases, where serum calcium may be low (values of 
4 milligrams per 100 cubic centimeters have been recorded), the parathyroids are usually 
stimulated and the serum phosphorus falls. In any case, the urinary calcium is markedly 
decreased or completcly absent which ipso facto disproves the idea that there is a continu- 
ous “‘endogenous excretion’”’, such as would be demanded by the halisteresis theory. Fur- 
thermore, such patients derive no benefit from increased calcium intake by mouth, but 
simply lose more calcium in the stools. If the intake is increased by intravenous adminis- 
tration (in the absence of other therapy), there is calcium retention, the clinical symptoms 
subside, and there is evidence of skeletal repair. Therefore, the primary defect is obviously 
lack of absorption of calcium from the intestinal tract. When these patients are given 
vitamin D or ultraviolet light (which stimulates the skin to form vitamin D), these phe- 
nomena are abolished. There is increased absorption, so that the faeces contain less cal- 
cium and eventually some is excreted in the urine. The patient maintains a positive calcium 
balance, and this state of affairs continues for eight to twelve weeks after the cessation of 
therapy. The maximum effect of vitamin D seems to be achieved with ordinary doses, and 
the administration of increased amounts produces no additional changes. 

The studies on the effects of pregnancy and lactation produced most interesting re- 
sults. Pregnancy does have a deleterious effect on calcium retention, so that in a borderline 
patient it may precipitate active osteomalacia. Most patients, however, when questioned 
carefully, admit that symptoms began after delivery. Analysis of stillborn infants shows 
that the total calcium loss during pregnancy is not more than 23 grams, most of which is 
deposited in the last trimester. During lactation, however, the daily loss may be as much as 
250 to 350 milligrams. Since the total calcium in the adult human female body is some- 
where around 500 to 700 grams, a woman can lose one-tenth of her total body calcium 
during six months of lactation. 

The final study in this series showed that the calcium metabolism of the nursing in- 


VOL. 32-A, NO. t, JANUARY 1950 








196 M. S. SHERMAN 


fant fluctuates in relation to that of the mother. The defects in both can be eliminated by 
treatment of the mother. 

The type of deficiency osteomalacia studied by these workers has become a disease 
of great rarity in the Western world, where diet and hygiene are on a fairly high level. It 
is seen commonly only in certain parts of India and China, and tie reasons for this have 
been worked out by several investigators. In 1916, Agnes Scott published her careful ob- 
servations on osteomalacia in India. The most interesting conclusion was that the dis- 
tribution of the disease is not closely related to any factor except social custom. Thus the 
disease is found predominantly in Mohammedan and high-caste Hindu women who, from 
the time they are married at ten or twelve, seldom again go outdoors. Their houses are 
built so that sunlight almost never enters. The men and the lower-class women who work 
outside do not have osteomalacia. These observations have since been confirmed by 
others *!. In China, osteomalacia is limited to a few areas in the north, where the disease is 
extremely common. In these areas the same factors of seclusion seem to be augmented by 
a more selectively deficient diet. 

In the United States and Canada, osteomalacia has always been considered an ex- 
ceedingly rare disease. Actually it is less common than the number of published reports 
would indicate, for the same confusion as to terminology has complicated even the modern 
literature. Many reports, such as those of Wheaton, Russell, Olin, Holmes, and Hadley, 
contain so little data that it is impossible even to guess what the patients might have had. 
Many others are sufficiently detailed so that, with the wisdom of hindsight, we can recog- 
nize a description of osteogenesis imperfecta + , metastatic malignancy * ”, multiple 
osteomyelitis * %, rheumatoid arthritis *, or even congenital deformities *'. There is also a 
group of papers which describe florid rickets as osteomalacia * *. However, true osteo- 
malacia does occur on this Continent, and now that accurate methods of diagnosis are at 
hand, more cases will undoubtedly be found. 


WHAT IS OSTEOMALACIA? 


As Albright and his associates have pointed out, the term osteomalacia should be re- 
served to describe any disorder of adults which results in the presence in the bones of ab- 
normal amounts of osteoid tissue. This is to say that the proof of diagnosis necessarily rests 
upon the microscopic examination of bone. In the absence of detailed metabolic data, such 
is certainly the case, although the clinical studies, the roentgenograms, and the response to 
therapy may afford very suggestive evidence. 

Any condition which causes the body’s calcium stores to be depleted sufficiently can 
cause osteomalacia. Such depletion can come about either through insufficient absorption 
of calcium or through excessive loss. The following discussion of the possible etiologies of 
osteomalacia has been modified from Albright’s classification: 


A. Insufficient Vitamin D 

1. Simple Lack: This is, of course, rare in the United States, where the average adult 
diet contains sufficient vitamin D and the dietary intake is amply supplemented by the 
effect of sunshine. In this country this type of deficiency is usually confined to persons who, 
for one or another reason, lead an abnormal life “. It is a voluntarily imposed abnormal 
life, as has been mentioned, which makes this type of osteomalacia so common in parts of 
India and China. There is no well substantiated report of such a case occurring in North 
America. Even the patient so well studied by Gargill, Gilligan, and Blumgart, who re- 
sponded dramatically to the administration of cod-liver oil and ultraviolet light, is prob- 
ably not a true example. Albright restudied the same patient in 1945 and found a daily 
urinary-calcium excretion of 200 milligrams, no matter what the intake. When the intake 
of calcium covered this daily loss, the patient did well even without vitamin D. Albright 
concluded that this case probably belongs in Group C (Idiopathic Hypercalcuria). 
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As a result of dietary restrictions experienced during and after the first World War, 
numerous cases of a painful bone disorder developed in the Central European countries. 
Adequate correlated metabolic and pathological studies were of course impossible at that 
time, but many of these cases of ‘‘hunger osteopathy’”’ responded well to the administra- 
tion of cod-liver oil. Almost certainly these were instances of osteomalacia due to lack of 
vitamin D * *°, 

2. In Gastro-Intestinal Disorders: Vitamin D, being fat-soluble, is not absorbed in dis- 
eases such as sprue and steatorrhoea. Furthermore, the attendant diarrhoea, wich results 
in rapid passage of the intestinal contents, adds to the difficulty of calcium absorption. 
The development of osteomalacia in such cases is not at all uncommon *7 ®: 71, 

A similar effect can be observed in certain patients who are addicted to laxatives, 
especially oils and those mineral salts which tend to form insoluble calcium compounds in 
the gut ®*. As might be expected, the same state is occasionally established in patients who 
have long-standing achlorhydria with reduction of calcium absorption °°. 


B. Renal Acidosis 


1. Tubular Insufficiency without Glomerular Insufficiency: It is this category of cases 
which Albright and his co-workers have recently clarified. Patients with this disorder have 
a decreased ability to excrete acid radicals. Therefore, whenever an added strain is placed 
upon the tubules (as occurs with increased intake of acid radicals, for example), the kidney 
has to have added base. Since the only depot of readily mobilized base is the skeleton, the 
bones tend to ‘become depleted as long as the abnormal balance lasts. Furthermore, in- 
gested calcium is insufficient to cover the loss, so that new bone matrix, although laid down 
in the usual amounts, tends not to become calcified. A complete explanation of this phe- 
nomenon, together with the experimental evidence, can be found in Albright’s admirable 
paper on osteomalacia and late rickets. 

2. Fanconi Syndrome: In cases of this rare congenital defect, osteomalacia is only one 
of the clinical and pathological manifestations. Most investigators now believe that this 
peculiar syndrome depends upon a dysfunction of the kidney tubules. There is usually 
present, in addition to the phenomena described in the preceding section, glycosuria, 
albuminuria, and an increased concentration of amino acids in the urine. Although there 
is no perfect agreement, it is generally assumed that the constant acidosis is responsible for 
the development of defective calcification of osteoid which, of course, does not respond to 
ordinary antirachitic therapy. Azotaemia is usually not present until late in the disease, 
when secondary kidney damage has occurred. By this time, when there is retention of 
phosphorus together with hypocalcaemia, there is stimulation of the parathyroid glands 
and the picture of secondary hyperparathyroidism is superimposed. 

Symptoms of this disorder usually appear within the first two years of life and progress 
rapidly until death. For a detailed description of this syndrome and its manifold variations, 
the paper of McCune, Mason, and Clarke should be consulted. 


C. Idiopathic Hypercalcuria 


Apparently a low kidney threshold for calcium develops in some patients. They excrete 
continuously a large amount of calcium in the urine, no matter how depleted their skeleton 
may become. It is to this class of patients that Case 1 belongs. 

Albright and his associates included in their classification a fourth group which com- 
prises the transient osteomalacia which may be seen immediately following removal of a 
parathyroid adenoma. With the sudden fall in serum calcium, the mineral balance is suffi- 
ciently deranged so that the processes of calcification are temporarily interrupted. Since 
this state is temporary, self-limited, and of no clinical significance, it seems preferable to 
mention it as a matter of academic interest rather than as a variety of true osteomalacia. 

Asis readily seen from the preceding discussion, the state of osteomalacia has a variety 
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of basic causes. Obviously, therefore, no routine treatment can be given. In each case 
therapy must be directed toward the underlying defect, and this therapy must be supple- 
mented by adequate replacement of calcium. Even when primary lack of vitamin D is not a 
factor, this substance is generally useful in increasing the absorption of calcium from the 
intestinal tract. 


INCIDENCE OF OSTEOMALACIA IN NORTH AMERICA 


There are available sixty-five papers, reputedly reporting some ninety cases of osteo- 
malacia from the United States and Canada. If one excepts the cases reported by Albright 
and his associates, there are among all the other papers reports of two proved cases, only 
one of which had pathological examination. Six other cases had suggestive histories and 
findings, but the evidence was insufficient for proof. 

On the other hand, the fact that Albright has been able tv collect six unquestionable 
‘ases and three others in which the conditions for the development of osteomalacia were 
certainly present leads one to suppose that the disorder is not so much rare as it is un- 
diagnosed. Such was the case with the patient who prompted this report. 


Case 1. This man was born and had lived all his life in a sraall town in Indiana. His mother had died at 
forty-six years of “‘myositis’’, but his father was still living ani well. There were twelve living siblings and one 
who had been a war casualty. The family had all lived together under the same conditions, and there was no 
history of even minor dietary abnormalities. 

The patient was said to have had pertussis, measles, mumps, chicken pox, smallpox, pneumonia, and 
diphtheria in childhood, but from the age of fifteen until he was thirty-seven he had had no illnesses or acci- 
dents and had worked as a farmer. At that time he was five feet, four inches tall, and weighed 130 pounds. 

During the winter of 1936, when he was thirty-seven years ©, the patient first noted soreness and stiff- 
ness of the lower portion of his back. His local physician could f. “4 nothing to account for these symptoms. 
Roentgenograms revealed a normal lumbosacral spine. The soresiss, however, gradually progressed up the 
spine and then to all four extremities. Bone tenderness appeared, and it was increasingly difficult for the pa- 
tient to get up out of a chair because of stiffness and soreness of the hips. One year after the onset the patient 
was examined by another physician. At this time the man was only five feet, three inches tall, and he weighed 
112 pounds. He had tenderness of many bones, but especially over the right eleventh rib (probably a path- 
ological fracture). His blood counts and roentgenograms were reported as normal and he was treated for 
arthritis. 

Two years later, when the patient entered a diagnostic center, his condition was still worse. Roentgeno- 
grams showed moderate osteoporosis with compression of the bodies of the eighth, ninth, and tenth thoracic 
vertebrae, and a pathological fracture of the right eleventh rib. General laboratory studies were normal, but 
the serum calcium was 10.4 milligrams per 100 cubic centimeters, the phosphorus was 1.9 milligrams per 
100 cubic centimeters, and the phosphatase was 6.8 Bodansky units. The diagnosis was ruptured intervetebral 
dise together with muscular dystrophy. 

















Fia. 1-A 


Case 1. Nine years after onset of symptoms. Note marked deformity of chest and extremities 
and extreme muscle atrophy. 
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By 1940, when he was seen at another medical center (three and one-half years after the onset of symp- 
toms), he was only five feet, one inch tall, and was unable to stand or walk. To the previous findings had 
been added marked bone tenderness, atrophy of muscles, and beginning contractures of joints. Roentgeno- 
grams were reported as showing “marked generalized osteoporosis”. Blood studies still showed a serum- 
calcium level of 9.5 milligrams, phosphorus 1.6 milligrams, and phosphatase 6.4 Bodansky units. Because 











Fia. 1-B 


Roentgenogram of chest shows that density of the bone is reduced almost to that of the soft tissue. 
There have been fractures of most of the ribs and the base of each acromion process. 








Fig. 1-C 


Roentgenogram of wrist and hand shows similar changes. There is no disorder of any of the joints. 
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muscle biopsy was reported as showing atrophy and fibrosis, a diagnosis of muscular dystrophy or myositis 
fibrosa was made. 

During the next four years the patient remained bedridden at home. He had numerous fractures which 
healed with deformity. Joint contractures grauuclly increased and the ‘soreness of bones’’ became so severe 
that the patient was unable to move enough io feed himself. 

When he first appeared at the University of Chicago clinics in 1945, nine years after his symptoms had 
begun, this man was five feet tall and weighed seventy-two pounds. The marked skeletal deformities, joint 
contractures, and muscle atrophy are shown in Figure 1-A. He had very active tendon reflexes, and fibrilla- 
tions of the muscles were evident for several seconds following contraction. There were no sensory changes. 
All bones were exquisitely tender and the slightest motion caused intolerable pain. There was no evidence of 
cataract, and his teeth were in good condition. 

Roentgenograms showed a spectacular degree of osteoporosis of all bones of the trunk and extremities 
with multiple healed fractures. Also evident were symmetrical ‘“‘ pseudofractures” in ribs, clavicles, and at the 
base of each acromion process (Fig. 1-B). The skull appeared relatively norma! and there was no evidence of 
primary joint involvement. 

Significant laboratory data included: serum calcium 10 milligrams and phosphorus 1.7 milligrams per 
100 cubic centimeters; alkaline phosphatase 17.4 (normal by the method used is 1 to 4); proteins 7.14 milli- 
grams per 100 cubic centimeters with normal albumin-globulin ratio. The urine maintained a slightly acid 
pH. Other initial values were: blood urea 33 milligrams per 100 cubic centimeters; carbon dioxide 27 milli- 
moles per liter; serum pH 7.45; cholesterol esters 143.4 milligrams per 100 cubic centimeters; chlorides 99.8 
millimoles per liter; oral glucose-tolerance test normal; and basal metabolic rate plus 7 to minus 9 (Benedict- 
Roth method). The phosphorus and calcium clearance test was normal. Routine blood counts and serology 
were normal (as they had always been). 

During the first few days of his hospital stay the patient was on a regular diet and his only medications 
were small amounts of aspirin, codeine, and seconal. On the ninth day he had two episodes of what appeared 
to be major Jacksonian convulsions, not accompanied by a cry or by carpopedal spasm, although the latter 
was hard to judge because of his deformities. The two spells occurred within two hours of each other, lasted 
ten minutes each, subsided without treatment, and did not recur. No such episode had occurred before. On 
this day the blood calcium was 11.8 milligrams and the phosphorus was 1.65 milligrams per 100 cubic ceriti- 
meters. An electro-encephalogram was reported as showing “either an idiopathic epilepsy or some condition 
which causes generalized irritation’’. 

A few days later a rib biopsy was performed under local anaesthesia. The sections show a spectacular 
picture. The hypertrophic marrow and the trabecular pattern are normal. However, very little of the bone 
matrix is calcified, and the great mass is pure osteoid tissue (Fig. 1-D). 

The diagnosis was thus established as true osteomalacia, or adult rickets. 

Studies of this man’s urine showed that he was excreting between 45 and 65 milligrams of calcium each 
twenty-four hours. In the presence of marked skeletal depletion, this fact is evidence that the primary defect 
was not lack of absorption of calcium from the intestinal tract. This assumption is further supported by the 
fact that, after one month of a high-calcium diet (approximately 2 grams daily), the urinary calcium was 
between 80 and 100 milligrams per twenty-four hours. When 150,000 units of vitamin D was added to this 
regimen, the urinary calcium rose to 331 milligrams which suggests that, although absorption was probably 
increased, retention was not increased proportionately. The absence of values for faecal calcium precludes 
the calculation of calcium balances. During this time there was no significant change in the serum chemistry. 

Further studies of this nature were impossible, because on August 20, seven weeks after admission and 
sixteen days after therapy had been initiated, the patient died very suddenly. 

Postmortem examination revealed the generalized arteriosclerosis and coronary occlusion which were the 
cause of death, and the extensive skeletal changes. Of special interest were several rib fractures which had 
united by callus that was completely composed of osteoid tissue (Fig. 1-E). The parathyroids were described 
as normal in appearance. Unfortunately, they were lost, so that microscopic examination was not possible. 


It.is believed that this man represents an instance of “idiopathic hypercalcuria”’. 
For some reason a low renal threshold for calcium developed, so that, even when his bones 
had been almost completely replaced by osteoid tissue, he did not retain enough minerals 
to allow calcification. Since this state of affairs had existed for nine years, it is remarkable 
that there was never a tendency for the formation of urinary stones. Presumably the con- 
dition might have been alleviated if the patient had had appropriate treatment for a long 
enough period. 
Case 2. The second patient was well until he was twenty-four years old; at that time diarrhoea developed. 


Two or three times each month he would have acute attacks during which he passed from five to ten loose, 
foul-smelling stools daily. Between exacerbations he had three or four bulky, poorly formed stools each day. 
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Fig. 1-D 
Photomicrograph (X 100). The darker-staining portions of the trabeculae, which are bone, are 
bordered on all free surfaces by broad bands of lighter-staining osteoid tissue. 
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Fia. 1-E 


Photomicrograph (X 7.5) of rib fracture. The fracture has united by abundant callus which is 
entirely composed of osteoid tissue. Note atrophic bony trabeculae on both sides of fracture. 
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Gradually he lost weight, became pale and generally weak, and noted numbness and tingling of both lower 
extremities. Not long afterward he had his first attack of carpopedal spasm. 

Hospital studies * showed that this man’s stools always contained from 75 to 80 per cent. of fat. He had 
persistent anaemia, and his blood chemistry was profoundly disturbed. At the onset of his disease, the serum 
calcium was 9.8 milligrams and the phosphorus 2.7 milligrams per 100 cubic centimeters. From then on the 
calcium was never higher than 8.2 milligrams and usually ranged between 5.4 and 6.8 milligrams. The cor- 
responding phosphorus levels were 1.2 to 1.8 milligrams. His urinary excretion of calcium was very low, 
usually in the neighborhood of 10 milligrams per twenty-four hours. The phosphatase was never higher than 
8.6 units (normal by the method used is 4.0). ; 

A diagnosis of non-tropical sprue (idiopathic steatorrhoea) was made and the patient was treated with 
liver, calcium, vitamin D, and A.T. 10. His response was fair, but since he did not follow directions or report 
regularly, he had frequent acute relapses. These were often precipitated by minor intercurrent illnesses, such 
as colds. 

In February 1943, twelve years after the initial symptoms, chest pain developed which was thought to 
be pleurisy. The pain grew worse and was accompanied by tenderness over several ribs on the right side. 
Roentgenograms showed osteoporosis and lesions in several ribs on both sides (Fig. 2-A) which were inter- 
preted as pathological fractures. About a year after the onset of the chest pain, the patient began to complain 
that he “couldn’t straighten up for a while after sitting down’’. He also had pain in the right tibia associated 
with weight-bearing. All of these symptoms improved after a short hospital stay, during which he had in- 
tensive therapy with calcium and vitamin D. 

In September 1945, fourteen years after his disease began and two and one-half years after his first bone 
symptoms, the patient died rather suddenly of heart failure. It is interesting to speculate as to what role his 
deranged electrolytes may have played in precipitating cardiac failure. Two days before death his serum- 
potassium level was only 2.1 milliequivalents per liter. (On the same date the calcium was 5.7 milligrams per 








Case 2. Roentgenogram of chest shows, in addition to generalized decrease in density, fracture of 
eighth rib on the left, and of seventh and eighth ribs on the right (in the axillary line). 


*On the service of Dr. H. T. Ricketts. 
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Fia. 2-B 


Photomicrograph (X 40). (Compare with Fig. 1-D.) The darker-staining areas in the center of 
the trabeculae are bone. The remainder of the trabeculae are composed of osteoid tissue. 


100 cubic centimeters; carbon dioxide 27.9 millimoles per liter; serum pH 7.44; and chlorides 97.6 millimoles 
per liter. The postmortem examination wus unremarkable except for the gastro-intestinal tract and the bones. 
The parathyroids appeared normal to gross and microscopic examination. 

Sections of the bones show the ¢?:rcteristic changes (Fig. 2-B). The trabeculae are normal in shape and 
distribution, but oniy a small poriic” »i \’e -enter of each is calcified: The rest is osteoid tissue. The marrow 
is hyperplastic, but otherwise norms’. f%. ++ is no evidence of increased activity of the parathyroids. 


COMMENT 


The two patients descr. we hers: xve the fourth and fifth pathologically proved cases 
of osteomalacia to be reporte! froin North America. The first such patient was the man 
reported by Elliott and Nadler xnd !2ier by Gunn and Nadler; these authors worked be- 
fore metabolic studies were generally available, but had excellent pathological material. 
In two of the cases reported by Albright and his associates the diagnosis was proved by 
microscopic examination. 

Seven other cases, although not confirmed by pathological examination, seem unques- 
tionable. These are four of Albright’s patients, Milkman’s patient, the patient of Miya- 
kawa and Stearns, and the woman studied by Gargill, Gilligan, and Blumgart. 

There are thus twelve acceptable cases. Of these, three were of unknown etiology, four 
followed steatorrhoea, three resulted from damage to the kidney tubules, and two depended 
upon a tendency of the kidneys to excrete too much calcium (idiopathic hypercalcuria). 

In addition, there are six other reports (those by Bailey, Edeiken and Schneeberg, 
Eyermann, Tenney, Stone, and MacFarlane) which very likely concern osteomalacia, but 
which present insufficient data to prove that diagnosis. 

It is obvious that osteomalacia is not so rare in North America as it has been believed 
to be. It is also obvious that it is by no means limited to females. Furthermore, since in this 
country simple dietary deficiency is a rare cause, osteomalacia most often appears as a 
complication of some other disorder. Therefore, if the possibility of bone changes be kept 
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in mind, more biopsies will be done and the diagnosis will probably be made with increasing 





frequency. 
SUMMARY AND CONCLUSIONS 

1. Osteomalacia (adult rickets) is a condition in which bone matrix (osteoid tissue) 
is formed normally, but fails to calcify. 

2. Although osteomalacia from simple lack of vitamin D is rare in this country, the 
condition is not an uncommon complication of various gastro-intestinal and kidney dis- 
orders. 

3. The diagnosis may be made with certainty by biopsy of bone, which will reveal 


abnormal amounts of osteoid tissue. 
4. The term osteomalacia should be reserved to describe this condition and no other. 
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TRANSPLANTATION OF THE EXTERNAL OBLIQUE MUSCLE FOR 
ABDUCTOR PARALYSIS * 


BY LOWELL I. THOMAS, M.D., INDIANAPOLIS, INDIANA; AND T. CAMPBELL THOMPSON, M.D. 
AND L. RAMSAY STRAUB, M.D., NEW YORK, N. Y. 


From the Hospital for Special Surgery, New York City 


When the abductors of the hip are paralyzed, the weight of the body cannot be 
supported over the hip in the normal manner, and the paralytic, in order to balance his 
weight, must sway his body toward the affected side with each step. The swaying trunk 
gives these patients a distressingly awkward gait. 

Many procedures have been described for the relief of this condition. Legg shifted 
the tensor fasciae latae backward on the ilium, establishing its line of pull to substitute 
for the glutaeus medius. Kreuscher stated that two procedures were introduced by Fritz 
Lange. One utilized a portion of the sacrospinalis, with silk-cord splicing, to substitute 
for the glutaeus medius and glutaeus minimus when the glutaeus maximus was intact; 
the other employed the vastus lateralis by means of a silk-cord attachment to the crest 
of the ilium. The use of fascia lata with silk-cord attachment to the trochanter was added 
by Kreuscher in an effort to diminish adhesions. Hey Groves combined the Legg and 
Lange operations by suturing the origin of the tensor fasciae latae to the sacrospinalis 
mass, and anchoring the tendon of the tensor fasciae latae at the base of the greater 
trochanter. 

Telson substituted the anterior portion of the glutaeus maximus for the abductors 
of the thigh by transferring it forward on the ilium, as far as its blood and nerve supply 
would permit. Dickson transplanted the origin of the tensor fasciae latae to the region of 
the posterior superior spine of the ilium, to assist in abductor power. Mobilization of 
the iliotibial band was done by Ober. He drew the distal end of the band through a tunnel, 
just below the greater trochanter, and passed it upward under the gluteal fascia to attach 
it to a mobilized sacrospinalis mass. Mayer used a long tube of fascia attached to the 
lower end of the sacrospinalis; he implanted it into the posterior aspect of the femur 
for glutaeus maximus paralysis, and into the greater trochanter for glutaeus medius 
paralysis’. 

The disadvantages of long silk cords or strips of fascia lata for tendon splicing are 
obvious. The muscles recommended for transference have a limited range of contraction, 
and these procedures can be used only in the few patients who happen to have good power 
in the muscles to be transplanted. Steindler has expressed the feeling that none of these 
procedures is sound, and that appropriate joint fusion may be preferable. 

The authors also had hoped that a method of eliminating the swaying gait might be 
found. However, we soon realized that, unless completely normal abductor power could 
be restored, the best that could be expected would be to assist the patient materially in 
maintaining balance upon a paralyzed extremity. This would lessen his fatigue and 
increase his endurance (Fig. 1). 

Most of the muscles that have been suggested previously for transference receive 
their innervation from the same level of the spine as the glutaeus medius. The segments 
from the fourth lumbar to the first sacral, which innervate the abductors of the thigh, 
also innervate the tensor fasiae latae. The vastus lateralis is supplied by the segments 
from the second to the fourth lumbar, and the glutaeus maximus receives innervation 
from the fifth lumbar to the second sacral nerves. The sacrospinalis is supplied by the 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois, 
January 27, 1949. 
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the 
posterior primary divisions of the spinal nerves in the lumbar and lowest thoracic ae 
segments. — 
Above the hip region, however, a strong muscle, suitable for transplantation to the Is f 
trochanter, often develops in the patient with abductor paralysis, particularly if that = 
patient has been ambulatory for any length of time. The external oblique muscle of the whi 

abdomen becomes hypertrophied because it constantly assists in swaying the body back 
and forth with each step. It derives its nerve supply from the lower eight thoracic seg- Chi 
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ments, and has a long, broad aponeurosis which can be transferred directly to the greater 
trochanter with no fascial splicing or silk-cord substitution. Its surfaces are adapted for 
gliding over the adjacent tissues, and its action on the trochanter can be established in a 
direct line from its broad origin on the thoracic cage. The muscles beneath it may also 
become hypertrophied; and, if the external oblique is strong enough to be suitable for 
transplantation, the other abdominal muscles will be adequate to maintain the integrity 
of the abdominal wall. The external oblique muscle of the abdomen, because of these 
characteristics, makes a good substitute for paralyzed abductors of the thigh. 

Kreuscher stated: ‘‘Samter* and Krukenberg attempted to substitute the external 
oblique muscle for the gluteus medius and gluteus minimus.”’ He does not indicate when 
or how this was dene. Lowman described attaching the external oblique muscle to the 
greater trochanter by means of a strip cf fascia lata, but he employed only a portion of the 
belly of the external oblique. 

In 1939 one of the authors (L.I.T.) demonstrated anatomically that a segment of 
the external oblique muscle, with a piece of the external oblique aponeurosis acting as a 
tendon, could be transplanted to the greater trochanter. The first clinical trial of this 
procedure was made by another of the authors (T.C.T.) in August 1941. As no abdominal 
weakness was noted and as it seemed desirable to obtain as much abduction power as 
possible, the operation has subsequently been modified to include the entire external 
abdominal oblique muscle (Figs. 2-A and 2-B). 

The purpose of this procedure is to provide active abductor power for the thigh 
when the glutaeus medius and glutaeus minimus are paralyzed. The external oblique 
muscle is completely freed from its normal insertion, and is mobilized up to its origin 
from the ribs. Its distal aponeurosis is inserted into the most prominent portion of the 
greater trochanter. 

The skin incision is a long oblique one, passing from the pubic spine, over the crest 
of the ilium, to the costal margin in the posterior axillary line. Two incisions are made in 
the aponeurosis of the external oblique, about two centimeters apart, parallel to Poupart’s 
ligament. These are carried down to within about one centimeter of the pubis, and joined. 
The superior incision is then directed upward along the medial border of the muscle belly 
of the external oblique to the costal margin. This frees the fibers of the external oblique 
from the remainder of its aponeurosis. The lower incision in the aponeurosis of theexternal 
oblique is extended laterally to the anterior superior spine of the ilium. The posterior 
border of the external oblique muscle is then identified at Petit’s triangle. A blunt instru- 
ment is passed beneath the fibers of the external oblique, and the muscle fibers are cut 
across, close to their insertion into the iliac crest. The muscle beliy is freed from the under- 
lying structures by blunt dissection. The raw edge of the cut muscle is folded under and 
sutured onto itself, to form a cone-shaped muscle belly. The gap in the aponeurosis of the 
external oblique is closed from the pubis laterally, as far as possible. 

Where the aponeurosis has been cut away from the muscle belly in the longitudinal 
direction, it is sutured down to the underlying internal oblique muscle. This leaves a small 
triangular defect in the outer layer of the anterolateral abdominal wall, but no weakness 
has been apparent clinically in any instance. 

A lateral incision, six centimeters in length, is made over the most prominent part of 
the greater trochanter. The fascia and periosteum are incised in two places, and two 
quarter-inch drill holes are made in the most prominent part of the trochanter, at right 
angles to each other. A subcutaneous tunnel from this incision up to the original incision 
is formed, as far posteriorly as possible. This tunnel should be rather large where it 
crosses the crest of the ilium, to allow plenty of room for the external oblique muscle, 
which may form a mass five or six centimeters in diameter. The fascial tendon which has 

*Samrer, O.: Operativer Ersatz geliihmter Hiiftmuskeln durch den Obliqu. externus. Zentralbl. f. 
Chir., 44: 737-742, 1917. 
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L. I. THOMAS, T. C. THOMPSON, AND L. R. STRAUB 


Fig. 3-A 





Fic. 3-B 
Transplanted external oblique muscle, acting directly upon the trochanter, produces active 
abduction. 


been made from the aponeurosis of the external oblique is passed downward through this 
tunnel. The muscle fibers then run in a longitudinal direction, from the lower rib margins 
over the crest of the ilium, directly toward the greater trochanter. The thigh is brought 
into wide abduction, and the tendon of the transplanted external oblique muscle is passed 
through the drill holes in the greater trochanter and sutured upon itself. 

After wound closure, a plaster spica is applied with the hip in wide abduction. This 
spica remains in place for four weeks, and then abduction exercises are begun. The patient 
is given pool therapy to encourage abduction, but full weight-bearing is not permitted 
until eight weeks after the operation. 

For this operation to be successful in stabilizing the hip during weight-bearing and 
in producing active abduction, the external vblique muscle must be strong. If the tensor 
fasciae latae is active, this may also be used to reinforce the abductor power. If the glutaeus 
maximus is strong, the superior part of this muscle may be moved forward to assist in 
active abduction. If the glutaeus maximus is paralyzed, extension of the hip may be ob- 
tained by combining transplantation of the external oblique with the Ober operation, 
the tensor fasciae latae and the sacrospinalis being used as substitutes for the glutaeus 
maximus. 

Twenty-seven operations have been performed upon twenty-five patients (Table I). 
In two instances the operation was done on both sides. Twenty patients had had polio- 
myelitis before the age of five. Three had had poliomyelitis at the ages of six, nine, and 
thirteen, respectively. One patient was a soldier who had paraplegia, due to a gunshot 
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wound at the level of the third lumbar vertebra. The age at operation ranged from eight 
to thirty-five years, with an average age of nineteen. The average period from onset of 
poliomyelitis to transplantation of the external oblique was fifteen years. 


RESULTS 


One result was not rated, as the patient had to continue with crutches because of 
genu recurvatum; one patient did not return for follow-up examination; and six operations 
have been done too recently to be evaluated. It has been difficult to judge accurately the 
result of the transplantation, because generalized paralytic involvement has usually been 
present. The abductor limp has not been completely eliminated in any instance, but all 
patients have shown some improvement in abductor power. 

The results of nineteen operations have been graded as follows: Three were considered 
as having excellent results, because of marked subjective and objective improvement. 
It should, however, be mentioned that each of these patients had slight abductor power 
before operation. Eight results were rated as good, because there was sufficient power in 
the transplant to permit abduction against gravity (Figs. 3-A and 3-B). In the six trans- 
plants rated as fair, the improvement in gait and stability was less, but still sufficient to 
justify the procedure. Even in the two patients whose results were graded as poor, some 
contraction could be felt in the transplant, but the patients reported no improvement. 

CONCLUSIONS 

1. The abductor limp is not eliminated by transplantation of the external oblique 
muscle, but it may be lessened. 

2. Most patients have reported a substantial increase in their sense of security and 
an improvement in their gait. 

3. Transfer of the insertion of the external oblique muscle to the greater trochanter 
has reduced fatigue and increased endurance. 
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DISCUSSION 

Dr. Frank D. Dickson, Kansas Crry, Missourt: That so many methods have been devised to re- 

capture abduction power in paralyzed hips, for the purpose of gaining additional stability and overcoming 

the resultant swaying gait, indicates that none has been altogether successful. The authors of this paper 

have apparently recognized this situation, and they have added a new operation to our armamentarium. 
Basically, in order to improve stability in a partially paralyzed hip, not only must abduction power be 

recaptured or reinforced, but also extension power must be at least adequate. In other words, it is my opinion, 

based upon clinical observation, that stability in the hip joint results from the coordinated action of a num- 

(Continued on page 225) 


VOL, 32-A, NO. 1, JANUARY 1950 








PRIMARY TENORRHAPHY OF THE FLEXOR TENDONS IN THE HAND * 


BY VINTON E. SILER, M.D., CINCINNATI, OHIO 


From the Department of Surgery, College of Medicine, University of Cincinnati, and 
the Hand Clinic, Cincinnati General Hospital 


The seriousness of wounds of violence in the hand and forearm has been stressed by 
Garlock, Koch and Mason’, Mason’, Bunnell, O’Shea, Winfield, Miller, and others. Some 
of these observers have stressed the fundamental principles which must guide every surgeon 
entrusted with the surgical repair of such injuries. Restoration of function occurs in direct 
ratio to the surgeon’s ability to control all the factors which influence wound healing. 
The management of injuries of the hand, as of no other region of the body, presents 
a challenge in the application of these principles. 

The purpose of this paper is to stress the fundamental principles of emergency, 
operative, postoperative, and follow-up treatment, and to report the results in eighty- 
four cases of severed flexor tendons in the hand, treated in the Cincinnati General Hos- 
pital fom 1941 to 1946, inclusive. 

TREATMENT 
Emergency Treatment 

Emergency treatment for wounds on the volar aspect of the hand is the same as that 
for other wounds of violence. Good treatment consists in control of hemorrhage, treat- 
ment of shock, avoidance of further contamination, and, when indicated, chemotherapy 
and antitetanus therapy. In so far as possible, a correct diagnosis should be made by 
‘areful local and general physical examination. 

Hemorrhage in the hand is usually controlled easily by means of a well applied pres- 
sure dressing or by compression of the major arteries at the wrist, if one cares to observe 
the wound more closely. The use of a tourniquet is not indicated unless amputation is 
imperative. After inspection of the wound, the pressure dressing should remain undis- 
turbed until definitive therapy has been instituted. Such wounds should not be probed, 
and the blood vessels should not be clamped and ligated haphazardly during the period 
of emergency care. If there is evidence of hemorrhagic shock, therapy should be instituted 
quickly. 

Every attempt should be made to lessen further contamination of the wound. In 
our Clinic we advocate that those in immediate contact with open wounds cover the nose 
and mouth with a face mask and, above all, that the surgeon cleanse his hands thor- 
oughly before beginning a systematic examination of the injured hand. Details of this 
principle have been stressed by many observers, including Mason", Koch®°, Altemeier', 
and Siler. 

In most instances intramuscular penicillin may be started during this period. Anti- 
tetanus therapy should always be given. 

One of the most important phases of emergency treatment is a careful local physical 
examination. Only a systematic examination of the various muscles of the hand and fore- 
arm with regard to their specific functions will determine the presence or absence of 
injury to a tendon. Furthermore, a careful neurological exainination on the basis of 
anatomical knowledge is the only method by which injury to nerves can be determined. 
In the majority of cases, one should be able to diagnose accurately before operation the 
vital structures damaged and to foretell operative expectations. 

* Read at the Annual Meeting of the American Society for Surgery of the Hand, Chicago, Illinois, 
January 21, 1949. 
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Operative Treatment 

In doing primary tenorrhaphy the author has, since 1940, followed the principles 
advocated by Mason”. There can be no doubt but that tendon repair demands operating- 
room conditions, small instruments to do delicate surgery, and the willingness and patience 
to see that all damaged structures are properly managed so as to afford the best functional 
results. Likewise, general anaesthesia is preferred unless there is a contra-indication, 
such as a condition of extreme intoxication. In 1941, an intoxicated patient died on the 
operating table at the completion of a long procedure, involving primary tenorrhaphy 
of the flexor tendons of the hand. Under such circumstances, we have used regional nerve 
block (brachial plexus) with novocain to the best advantage; or, more frequently, we 
have resorted to secondary tenorrhaphy after simple closure of the initial wound. 

The use of the blood-pressure cuff, applied on the arm as a tourniquet at a pressure 
of 260 millimeters of mercury, after drainage of all venous blood for five minutes, ensures 
an avascular field and permits visibility afforded by no other method. We have seen no 
bad effects from this procedure. 

For skin preparation, white bar soap and warm water have been used, or ceepryn 
chloride in a strength of 1 to 100. Cleansing is done after shaving the forearm and hand, 
and is not followed by the application of antiseptics. Excess cleansing agents are removed 
by irrigation with physiological saline solution. Viable tissue is not removed from the 
hand for, as Mason has said, there is no tissue to spare. Only devitalized skin, subcutaneous 
tissue, fat, and muscle are removed by débridement. Any dirt or foreign body is removed. 
All instruments used for this portion of the procedure are regarded as contaminated and 
are discarded. After the operative team has changed gowns and gloves (the instrument 
nurses having remained clean), one may begin the reconstructive phase of the operation. 

Silk sutures have been used in all of the cases reported here; 6—0 silk is used to ligate 
small vessels and 4—0 silk for larger ones. Tenorrhaphy has been accomplished with silk 
of the 3-0 size. 

Our policy has been to repair immediately all damaged flexor tendons in the palm 
of the hand, except those in the vicinity of the metacarpophalangeal joint, where we 
are convinced that to suture the flexor profundus alone or the proximal flexor sublimis 
to the distal flexor profundus affords a much better functional result than to attempt 
anatomical approximation of both. In the fingers we are sure this principle is sound, and 
here the ulnar and radial insertions of the flexor sublimis tendon should be carefully 
dissected away from their attachment to the second phalanx. The proximal end is also 
resected. This reduces tendon bulk, thereby allowing for freedom of motion of-the remain- 
ing tendon. We believe that more skill is required in the repair of the flexors of the thumb 
than for other tendons in the hand. Divided nerves (branches of the median and ulnar 
nerves) require primary neurorrhaphy, which, except in badly mangled wounds, can 
usually be accomplished. The distal divided structures are usually identified first since 
they retract less; after they have been identified, one has a distinct advantage in locating 
the proximal ends. Counter incisions should be used to isolate the proximal ends of divided 
tendons. By using traction sutures of silk, one can replace the tendon in its bed. Cutting 
a window in the tough fibrous tendon sheath has been done in only a few cases, where the 
line of repair of the flexor profundus lay directly over the metacarpophalangeal joint. 

The method of tendon suture used has been predominantly that advocated by Mason 
and Allen", and is shown graphically by their illustration (Fig. 1). Less frequently, Bun- 
nell’s method has been applied, and on a few occasions the Lange suture has been used. 
When laceration of the tendon only has occurred, interrupted sutures of a fine silk have 
been placed to make the correct approximation of this injury. 

In all cases of primary tenorrhaphy, we close the wound, even using a skin graft if 
needed. This principle is postulated on the basis of control of hemorrhage. The pneumatic 
cuff is released immediately after repair of the tendon, and all bleeding points are clamped 


VOL. 32-A, NO. 1, JANUARY 1950 





V. E. SILER 











Bb ted to bt 











Fia. 1 
Illustration of the Koch-Mason-Allen type of tendon repair. (Redrawn by permission of 
J.B. Lippincott Company from Fig. 1 in The Rate of Healing of Tendons by M. L. Mason and 
H. S. Allen. Ann. Surg. 113, 428, 1941). 


and ligated. The edges of the skin should close without tension. A mild pressure dressing 
is applied with the hand and forearm placed on a dorsal aluminum splint, molded and 
padded to fit the patient, which holds the digits in flexion, but separated from each other 
by flat gauze sponges. 


Postoperative Treatment 

Very little care is needed in the period immediately after operation. The forearm 
and hand are kept elevated to an optimum position in regard to the vascular system. 
The dressing should be checked several times daily during the first three days after opera- 
tion for unusual discomfort of the fingers, position of the splint, and appearance of the 
skin of the arm. Usually these patients are required to walk, the forearm dressing being 
supported in a sling. 

Although in the series of cases reported here, antibiotics were not used routinely, we 
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now administer 300,000 units of intramuscular penicillin for six days after operation. In 
those cases where there is great damage to the hand or associated injury to the body, the 
dosage may be increased. In some cases sulfadiazine and streptomycin are also used. On 
the basis of observation by Altemeier?, we do not use gas-gangrene antitoxin. 

The postoperative course decides the hospital discharge date. Usually the patient 
is sent home by the seventh or eighth day, after which he is followed in the Hand Clinic. 
Unless there is good reason, the initial dressing is not disturbed until the twelfth day, at 
which time the sutures are removed and active motion (in flexion) is begun. The splint 
is adjusted and is reapplied for another week. By the end of twenty-one days after primary 
tenorrhaphy the splint is used to support the hand, but is arranged for removal by the 
patient so that daily hydrotherapy (soaking the forearm and hand in a soapy bath) can 
be done at home. The splint is usually discontinued by the twenty-eighth day. Koch and 
Mason ®* have referred to this principle as ‘ purposeful splinting’’. 


Follow-up Treatment 

Follow-up care is very important to the patient who has sustained tendon injury. 
Repeated observations show the progress being made and afford the only control of 
physical therapy. Furthermore, these patients become discouraged easily and can be 
helped tremendously by kindly advice. It becomes obvious that such a routine can be 
planned only in a central hand clinic, where attention can be given to details and com- 
plications can be wisely managed. 

This is the period when the patient needs careful instruction regarding passive joint 
motion, and exercises which he can do without the physical therapist. Squeezing a soft 
sponge-rubber ball, both when in the arm bath and out of it, is an excellent exercise to 
promote function. The degree of disability can be properly evaluated only by careful 
follow-up examinations over a period of several months. 


ANALYSIS OF CLINICAL MATERIAL 


Almost without exception, all of those concerned with tenorrhaphy agrée that the 
flexor tendons on the volar surfaces of the fingers present a difficult problem of repair. 


TABLE I 


ANATOMICAL DISTRIBUTION OF INJURY 


Location of Injury No. of Cases Per cent. 
Thumb 13 16 
Finger 10 18 
Palm 30 36 
Total 83 100 


The author's clinical observations have emphasized this point. Similarly, we know that 
much better results are generally odtained by primary tenorrhaphy to the extensor 
tendons in the hand and to the flexor and extensor tendons of the wrist. The purpose of 
this analysis is to demonstrate several factors which have influenced our results in the 
treatment of eighty-four cases of primary tenorrhaphy of the flexor tendons in the hand. 


Incidence 


From 1941 to 1946, inclusive, a total of 184 tendon injuries of the forearm and hand 
were treated at the Cincinnati General Hospital, so that the series studied represents 
about 46 per cent. of the total number of cases. The average age of the patients was 
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FREQUENCY DISTRIBUTION OF INJURIES TO THE 
FLEXOR TENDONS AND ASSOCIATED STRUCTURES 

T - INJURY TO TENDON ALONE. 

TN - INJURY TO TENDON AND NERVE, 

TX - INJURY TO TENDON ASSOCIATE 
WITH COMPOUND FRACT- 
URE OF BONE 
























Fia. 2 
Diagrammatic view of the volar aspect of the hand, showing the frequency distribution of 
injuries to the flexor tendons and associated structures. 


twenty-seven years. The wound of violence was produced by a knife in 52 per cent. of the 
cases; in the remainder the causative agent was glass, a saw, porcelain, metal strips, a 
grinder, a razor, an electric fan, a cleaver, or a hammer. 

Of the 83 patients * available for study, thirty-four (41 per cent.) were white and 
forty-nine (59 per cent.) were negro. The injury is seen predominantly in the male, there 
being sixty-one males (73 per cent.) and twenty-two females (27 per cent.) in the series. 


Location of Injury 

The majority of wounds on the volar aspect of the hand occurred in the fingers, 
rather than in the palm (Fig. 2). If, for anatomical reasons, the location is analyzed 
further, the flexor tendons of the thumb were injured in thirteen (16 per cent.) of the 
cases, the fingers in forty (48 per cent.), and the palm in thirty (36 per cent.). The total 
number of injuries to digits was fifty-three (64 per cent.) as compared to thirty (36 per 
cent.) in the palm of the hand (Table I). 


* One patient died on the operating table in 1941, giving a mortality rate for this series of 1.2 per cent. 
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TABLE II 


DISTRIBUTION OF THE VARIOUS METHODS OF TENDON SUTURE 





Method No. of Cases Per cent. 
Koch-Mason-Allen 60 72 
Bunnell 10 12 
Lange 2 2 
Combined 3 4 
Other 8 10 
Total 83 H 





Time Factor 

The best results are obtained when definitive treatment is begun soon after the in- 
jury. In wounds of violence, the longer the interval before treatment, the greater the 
incidence of infection. Wounds on the volar aspect of the hand, involving the flexor 
tendons, should be treated as soon as possible. Mason™ believes that the best results 
are obtained if treatment is carried out within two hours after injury, while other ob- 
servers extend the limit to three hours. The lapse of six hours or longer precludes the 
possibility of primary tenorrhaphy; and we agree with Koch, Mason, and Allen that 
simple cleansing of the wound with closure of the skin should be done, rather than tendon 
repair. In this series of cases, the average time between injury and the institution of 
definitive treatment was 3.8 hours. Depending upon the course of the wound, secondary 
tenorrhaphy can be done later. In such cases the use of chemotherapy may alter the time 
of repair. 
Associated Injury 

Damage to all nerves and bone fractures were included in this category: In sixty- 
four (77 per cent.) of the cases, there was no associated injury, whereas in nineteen (23 
per cent.) associated injury was present. In each case an effort was made to manage the 
associated injury so as to obtain a good functional result. 
Suture Material and Method of Tendon Suture 

The Koch-Mason-Allen modification of the Max Lange suture has been used as the 
method of choice in tendon repair (Table II). This technique was applied in sixty (72 
per cent.) of the cases. Mason has pointed out the advantages of this suture, and the 


TABLE III 


ANALYSIS OF RESULTS IN SIXTY-FIVE CASES AT FOLLOW-UP EXAMINATION 


Results 
Location No. =. | Excellent Good Fair Poor 
Cases 
| No. Per cent. No. Per cent. No. Per cent. No. Per cent. 
Thumb 9 3 33 5 55 l 11 
Finger 32 | : 9 17 53 9 28 3 9 
Palm | 24 | 9 37 11 46 1 1 3 12 
| | } 
| 6 | 15 23 33 51 ou 17 | 6 9 


Total 
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experimental work of Mason and Allen presents supporting evidence of its efficiency. On 
fewer occasions, particularly in children, the Bunnell suture was applied. The Lange 
suture was used occasionally, and in some instances a combination of these methods was 
instituted. In those cases where partial division from laceration had occurred, associated 
with division of other tendons in the same hand, the area of partial division was repaired 
with interrupted sutures only. In those cases, with division of the flexor profundus at its 
insertion on the base of the distal phalanx, various modifications of methods were used. 


Chemotherapy and Wound Infection 


During the period from 1941 to 1946, there was no unanimity in regard to the exact 
status of chemotherapy. Furthermore it was the war period, when chemotherapeutic 
agents were difficult to obtain. Less than half (45 per cent.) of these patients with injury 
of the flexor tendons received chemotherapy, and yet only seven (8 per cent.) had infected 
wounds. In only three cases treated in 1943, was any chemotherapeutic agent placed in 
these wounds. 


RESULTS 


The results of this survey are not striking, but they certainly are not entirely dif- 
ferent from those reported by other observers. The criteria by which the results were 
tabulated are as follows: An excellent result implies 80 per cent. or more of normal func- 
tion without Camage to nerves. A good result includes all cases with 50 per cent. or more 
of normal function without nerve impairment. A fair result includes those cases with 
less than 50 per cent. of normal function, with or without nerve involvement. A poor 
result refers to those cases with less than 30 per cent. of normal function, associated 
nerve damage, and usually ankylosis of the joints. 

Excellent results were not common (Table III). They occurred most frequently in 
the palm of the hand (37 per cent.), next in the thu: mb (33 per cent.), and last in the finger 
(9 per cent.). Good results were more frequent and were obtained in about equal propor- 
tions in the various locations. If we combine the excellent and good results into a single 
satisfactory group, we have a total of 48 cases or 74 per cent. By combining the fair and 
poor results into an unsatisfactory group, we have a total of 17 cases, or 26 per cent. 
Eighteen cases or 22 per cent. had incomplete follow-up examinations. This is explained 
by the large percentage of negroes in the total series, and the fact that our hospital cares 
for many people on a transient basis. We have no means of following these patients. 

A final observation concerns the number of surgeons doing primary tenorrhaphy 
of flexor tendons in the hand. During this five-year period, a total of thirty-five surgeons 
in the Graduate School of Surgery repaired the tendons in the eighty-three cases reported 
here. One assistant resident operated upon seven patients (the greatest number); each of 
several resident surgeons operated upon one patient of this series. Most surgeons agree 
that divided tendons are more difficult to repair in the hand than in other parts of the 
extremity. In terms of this factor alone, the present results are satisfactory, but they 
can and should be improved. 
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DISCUSSION 
TRANSPLANTATION OF THE EXTERNAL OBLIQUE MUSCLE 
(Continued from page 217) 


ber of muscles, perhaps of all the muscles, supporting and moving the hip joint. Apparently, however, the 
abductors and the extensors provide the major part of the stabilizing action. The tensor fasciae latae, the 
glutaeus minimus, and the anterior portion of the glutaeus medius are the prime abductors of the hip. The 
posterior part of the glutaeus medius and the glutaeus maximus are the prime extensors of the hip. This 
arrangement would indicate a close association between abduction and extension in providing hip stability. 

In our Clinics, we have had the most satisfactory results when the origin of a strong tensor fasciae 
latae was transplanted backward into the vicinity of the posterior superior spine. We, like the authors, have 
had some very gratifying results and some very disappointing ones. After reading this contribution, I am 
inclined to consider combining the two operations—transference of the external oblique with posterior 
transference of the origin of the tensor fasciae latae—as indeed was suggested in this paper, feeling that the 
combined operation may give sufficient power to ensure more satisfactory stabilization. 

It should be emphasized that in this operation, as in others which have been reported, a careful selection 
of cases is of paramount importance, if satisfactory results are to be gained and useless surgery avoided. A 
strongly functioning muscle must be available, and reasonably well-functioning supporting muscles must be 
present before muscle transference can be successful, whether the external oblique, the tensor fasciae latac, 
or the erector spinae is to provide the stabilizing power. 

We are indebted to the authors of this paper for reporting the results of an operation which should be 
useful in the treatment of instability of the paralytic hip. 


Dr. Leo Mayer, New York, N. Y.: In treating abductor limp, I, like Frank Ober, have attempted to 
utilize the erector spinae group as a substitute for the weak or paralyzed abductors. My first patient, operated 
upon twenty years ago and now grown to womanhood, has definitely less abductor limp than before her 
operation, and is able, when resting on her side, to hold her lower extremity abducted against gravity. 
There are, however, despite that fairly good result, only about half a dozen cases in this group. In another 
series, | employed the Telson operation, —that is, the forward shift of the glutaeus maximus; and in a third 
group, the Dickson method of posterior shifting of the tensor fasciae latae. Dissatisfied with the results in 
all three groups, I tried to utilize the external oblique muscle in one case, but failed because I did not free a 
large enough muscle flap. 

The authors are to be congratulated. Their results are the best I have seen thus far, even though they 
are not perfect. By performing their operation in conjunction with transplantation of the erector spinae, we 
may be able to construct an efficient substitute for the powerful abductor group of muscles. 

Their operation requires careful preoperative study, so as to select suitable cases, an accomplished 
surgical technique, and painstaking after-treatment. 
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ADDITIONAL ELASTIC HAND SPLINTS 


BY STERLING BUNNELL, M.D., AND LOT D. HOWARD, JR., M.D., SAN FRANCISCO, CALIFORNIA 


The principle of using elastic or spring splints to exercise, mobilize, or change the 
position of stiffened joints in injured hands has been eminently successful. They coax 
joints into the position of function or complete the muscle balance in paralysis '. Accord- 
ingly, the splints described here have been devised recently. 

The object of the first of these splints or adaptations is to change the hand from the 
position of non-function (in this case with the wrist flexed and the fingers extended) into 
the position of function. This is done by three attachments which increase the use of the 
knuckle-bender splint. Two of the attachments fit onto the splint by two wire rods, thrust 
into metal sleeves 

The distal at’ .chment to flex the middle finger joints is an additional flat, padded 
segment, hinged to the distal segment of the knuckle-bender splint. Both attachment and 
splint are powered by rubber bands (Figs. 1-A and 1-B). 





Fria. 1-A Fig. 1-B 


Splints to change position of hand from that of 
non-function, with fingers in extension, to that of 
function. 

Fig. 1-A: A combination of the knuckle-bender 
splint and the Oppenheimer splint to flex the proxi- 
mal finger joints and dorsiflex the wrist, with an 
extra segment of the knuckle-bender splint to flex 
the middle finger joints. Position of non-function 
is shown. 

Fig. 1-B: Splint has drawn hand into position of 
function. 


























Fia. 1-C Fia. 1-D 
F ig. 1-C: Various attachments for knuckle-bender splint to dorsiflex the wrist, to flex the proximal 
and middle finger joints, and to draw out the middle and distal finger joints into extension. 
Fig. 1-D: Combination of knuckle-bender splint to flex the proximal finger joints and spring cock-up 
splint to dorsiflex the wrist. Attachments can be added to this to flex or extend the fingers. 
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Fic. 2-A Fic. 2-B 
Miniature knuckle-bender splint to flex middle (or distal) joint of finger. 
Fig. 2-A: Finger is stiff in extension. 
Fig. 2-B: Middle joint is being gradually flexed by splint. 




















Fia. 3-A 


Reverse knuckle-bender splint to extend the proximal finger joints gradually, in a case of mild contrac- 
ture of the intrinsic muscles. 

Fig. 3-A: Shows the position of deformity. 
Fi aay Proximal finger joints have been drawn into extension by the three-point elastic pressure of 
the splint. 


The purpose of the other two attachments is, by gentle elastic persuasion, to force 
the wrist into dorsiflexion. One is by use of a splint of the Oppenheimer type, in which the 
distal two wires fit into sleeves for attachment (Figs. 1-A and 1-B); the other is by using a 
spring cock-up splint, the hand piece of which is notched to fit over the cross piece of the 
knuckle-bender splint (Figs. 1-C and 1-D). Either may be used alone with the knuckle- 
bender, or may be combined with the attachment to flex the fingers (“ig. 1-B) or with the 
attachment to straighten them, as previously described '. 

For a single stiffened finger joint, a miniature replica of the knuckle-bender splint can 
be worn, the rest ot the hand being left unencumbered. The elastic tension is maintained 
by light-weight druggist’s bands (Figs. 2-A and 2-B). The angulation of the proximal wire 
extension is intended to accommodate for the soft tissues of the finger webs. 

The purpose of the third splint is to draw out the flexion contracture of the proximal 
finger joints, due to ischaemic fibrosis of the muscles of the hand. The treatment of these 
hands presents a difficult problem. While yielding temporarily to splinting, they usually 
require operative intervention, only the less severe cases being benefited by the long period 
of splinting. Splints applying elastic extension to the ends of the fingers serve only to ac- 
centuate the existing hyperextension of the middle and distal joints of the finger. 

To give positive elastic extension to the proximal segments of the fingers only, thus 
overcoming the contracture of the proximal finger joints, a ‘‘reverse knuckle-bender”’ 
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splint was designed (Figs. 3-A and 3-B). It consists of a base plate, stabilized in the palm 
by a web strap fastened about the wrist. Counterpressure, applied over the proximal 
joints by a slightly curved, felt-padded plate, allows elastic pressure to be brought to bear 
on the volar aspect of the proximal finger segments, near their distal ends, by a padded 
bar. The extended stiff-wire outriggers provide good mechanical advantage and a con- 
venient way to apply the number of elastic bands necessary. 


1. BuNNELL, Sreruine: Active Splinting of the Hand. J. Bone and Joint Surg., 28: 732-736, Oct. 1946. 





ROBERT VIVIAN FUNSTEN 
1892-1949 


Dr. Robert Vivian Funsten, known to all as Bob, died suddenly on July 25, 1949. Having weathered, 
apparently successfully, a severe illness in February, he seemed to have returned to his usual jovial self by 
late spring and early summer, and took his familiar place in the activities at Colorado Springs. The news of 
his untimely death came as a great shock to his many friends. Bob will be sorely missed by all who knew him, 
especially by his colleagues in orthopaedic surgery. 

Dr. Funsten was born in Portsmouth, Virginia, on Christmas Day, 1892; his parents were the late Rev. 
James Bowen Funsten, D.D., L.L.D., Episcopal Bishop of Idaho, and the late Ida Vivian Pratt Funsten. 
He received his early education in the Episcopal High School, Alexandria, Virginia (1907 to 1910), and then 
entered the University of Virginia, where he studied in the College and the Departments of Mechanical 
Engineering and Medicine, receiving the degree of Doctor of Medicine in 1918. He was active in many 
student organizations and was a member of the Alpha Tau Omega, Phi Rho Sigma, and Lamda Pi fraternities, 
several social groups, and the honorary fraternity of Alpha Omega Alpha. 

He was commissioned 2 First Lieutenant in the Medical Corps in 1918, and served with Mobile Hos- 
pital No. 102. 

After the first World War, Dr. Funsten went to the University of Iowa, where he worked as Assistant 
Professor of Orthopaedic Surgery under Dr. Arthur Steindler from 1919 to 1922; there his mechanics! talents 
were appreciated and stimulated. 

From 1922 to 1932, Dr. Funsten lived in Detroit and practised his specialty in association with Dr. 
Frederick C. Kidner. In 1932 he became Professor of Orthopaedic Surgery at the University of Virginia, 
which position he held until he died. While at the University of Virginia, he expanded the service in the Uni- 
versity Hospital and established a convalescent home for crippled children, which allowed many more chil- 
dren to benefit from his talents in surgery and his genial, kindly spirit. As a teacher, he was interesting and 
stimulating to students and, at the same time, he encouraged and trained a number of orthopaedic surgeons 
who are now established in various communities. 

Dr. Funsten was a member of the American Medical Association; The American Orthopaedic Associa- 
tion; the Clinical Orthopaedic Society; Virginia and Albemarle County (Virginia) Societies; Wayne 
County (Michigan) Medical Association; Detroit Academy of Surgeons and Medical Club (President in 
1929) ; and Fellow of the International Academy of Medicine. 

He made many contributions to orthopaedic surgery in the way of papers and mechanical devices, 
which have added much to the specialty; his textbook on orthopaedic nursing is regarded by many as the 
best in its field. 

Dr. Funsten is survived by his wife, Marguerite Churchill Funsten, and four children, Dorothy Funsten 
Craig, Patricia Anne Funsten Cady, James Churchill Funsten, and Robert Vivian Funsten, Jr. 


It is with deep regret that we record the untimely death of Professor T. P. MeMurray of Liverpool, 
President-Elect. of the British Medical Association, and formerly President of The British Orthopaedic 
Association. His contributions to the advancement of orthopaedic surgery have been substantial. 
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News Notes 


The American Orthopaedic Association will hold its Annual Meeting at Virginia Beach, Virginia, 
May 23, 24, 25, and 26, 1950. 


The Annual Meeting of the American Academy for Cerebral Palsy will be held at the Waldorf- 
Astoria Hotel, New York City, on Friday and Saturday, February 17 and 18. The scientific sessions will be 
open to visiting orthopaedic surgeons and any physicians interested in the problem of cerebral palsy. These 
sessions are scheduled for Friday afternoon, February 17, from two to five o’clock and Saturday morning, 
February 18, from nine to twelve. All phases of cerebral palsy will be discussed. 

The Secretary of the organization is Dr. Meyer A. Perlstein, 4743 North Drake Avenue, Chicago 25, 
Illinois. 


THE AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS 


The Seventeenth Annual Meeting of The American Academy of Orthopaedic Surgeons will be held 
at the Waldorf-Astoria, New York City, February 11 to 16, 1950, under the presidency of Dr. Mather 
Cleveland. 

Registration will begin at nine o’clock, Saturday morning, February 11. The scientific and technical 
exhibits will be ready for inspection at that time. The Audio-Visual Program will be presented Saturday 
afternoon and Sunday morning. 

Ar interesting group of Instructional Courses has been arranged by the Instructional Course Com- 
mittee. These courses will be presented Sunday afternoon and Monday morning. At the Instructional Course 
Dinner on Monday evening, an ‘Information Please’’ program will be given, at which time unusual and 
interesting cases will be presented to “ 

The first session of the Scientific Program will be held on Monday afternoon. The Scientific sessions will 
continue through Tuesday, Wednesday, and until noon on Thursday. A most interesting Scientific Program 
has been prepared by the Program Committee. 

New members of the Academy will receive their certificates on Monday afternoon. The Presidential 
Address will be given on Tuesday morning. Tuesday evening will be open for alumni and hospital dinners. 

The annual banquet of the Academy will be held on Wednesday evening, at which time the Kappa 
Delta and other awards will be made. 


stump the experts”’. 


The American Society for Surgery of the Hand will hold its Annual Mecting in New York City, 
February 10 and 11. The sessions on Friday, February 10, will be held at the New York Academy of Medi- 
cine. The following program has been planned: 


Morning Session (9:30 A.M.) 


Safety Factors in Tourniquet Hemostasis. Julian M. Bruner, M.D., Des Moines, Iowa 

Tumors of the Hand. Michael L. Mason, M.D., Chicago; Henry C. Marble, M.D., Boston; and Arthur 
Purdy Stout, M.D., New York City 

The Motor Branch of the Ulnar Nerve in the Palm. Joseph H. Boyes, M.D., Los Angeles 

Dynamic Splinting. Sterling Bunnell, M.D., San Francisco 

Brachial Block Anaesthesia with Xylocain. Erik Moberg, M.D., Goteborg, Sweden 

Afternoon Session (1:30 P.M.) 

Phylogeny of the Hand. William K. Gregory, Ph.D., D.Se., New York City 

Early Development of the Hand and Its Relation to Function. Emanuel Kaplan, M.D., New York City 

Congenital Anomalies of the Hand. Arthur J. Barsky, M.D., New York City 

(a) Joint Arthrodesis to Increase Hand Function. (b) Antecubital Donor Skin Grafts. William H. 
Frackelton, M.D., Milwaukee, Wisconsin 

An Experimental Study of the Tensile Strength of Tendon Repair. Raymond M. Curtis, M.D., Baltimore 

Subcutaneous Fasciotomy in Dupuytren’s Contracture. Vernon Luck, M.D., Los Angeles 


The Sociedad Mexicana de Ortopedia is planning to hold its first convention of orthopaedic surgeons 
during this year. The officers of the Society are: President, Pedro Rosas, M.D.; Secretary, Rafael Farrera 
Rojas, M.D.; and 7'reasurer, Max Luft, M.D. 
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NEWS NOTES 


The Journal is happy to announce the recent founding in Caracas of the Sociedad Venezolana de 
Cirugia Ortopédica y Traumatologia. The organization is made up for the most part of surgeons whose 
work is limited to this branch of surgery. 

The Board of Directors of the new Society are: Chairman, Dr. Andres Gutierez Solis; Vice-Chairman, 
Dr. A. Pietri, hijo; Executive Secretary, Dr. Jorge Figarella; Treasurer, Dr. Juan G. Yanez; Librarian, Dr. 
Cesar Acosta; and assistant members, Dr. Armando Parada and José Antonio Villegas. 





Dr. G. W. N. Eggers, Professor of Orthopaedic Surgery at the University of Texas, Medical Branch, 
was awarded ie Robert Danis Prize at the meeting of the International Society of Surgery, held in 
New Orleans in October. This prize, established by the friends of Robert Danis, formerly Professor of Surgery 
at the University of Brussels, is awarded for important work on the operative treatment of fractures. It was 
presented to Dr. Eggers on the basis of his studies on the ‘‘Internal Contact Splint” and ‘The Influence of 
the Contact-Compression Factor on Osteogenesis in Surgical Fractures”. Both of these articles were pub- 
lished in The Journal, the former in the issue of January 1948, and the latter in the issue of October 1949. 


The Fourth Annual Meeting of the New Jersey Orthopaedic Society was held on October 8, 1949 
at the Alfred I. duPont Institute in Wilmingten, Delaware. The following program wes presented: 


Morning Session 
Introductory Remarks: A. R. Shands, Jr., M.D. 
Bacteriological Aspects of Orthopaedic Surgery: Armine T. Wilson, M.D. 
Biochemical Aspects of Orthopaedic Surgery: Paul B. Hamilton, M.D. 
Treatment of Club-Foot: David J. King, M:D. 
Recent Visits to Orthopaedic Clinics in Europe: 8. W. Casscells, M.D. 
Presentation of Cases: Staff of the A. I. duPont Institute. 


Afternoon Session 


Mechanics of Bone and Joint Surgery: Mr. J. Collison. 

Congenital Hips: Follow-up of Open Reduction: Paul J. Strassburger, Jr., M.D. 
Case Reports: Myosarcoma. Septic Arthritis: Keith E. Haines, M.D. 

Tibial Plateau Fractures: Paul Finegan, M.D. 





The National Foundation for Infantile Paralysis, Inc. announces that it is offering post-graduate 
research fellowships for one to three years in the fields of virology, orthopaedic surgery, pediatrics, epi- 
demiology, and neurology. These fellowships are available to properly qualified candidates whose objectives 
are research and teaching in these fields. Eligibility requirements include United States citizenship, sound 
health, degree of Doctor of Medicine or Doctor of Philosophy, two years’ residency training in the specialty, 
and a program of study and detailed plan of investigation. 

Further information concerning the fellowship programs may be obtained from the Professional Educa- 
tional Division of the National Foundation for Infantile Paralysis, Inc., 120 Broadway, New York 5, N. Y. 


Columbis, University announces an extension and broadening of its program for Graduate Training in 
Physical Medicine and Rehabilitation at the Columbia-Presbyterian Medical Center and the Institute 
for the Crippled and Disabled. A three-year period of broad and intensive training is available to young 
doctors of high medical caliber, who have had at least one year of internship and plan to acquire training in 
physical medicine and rehabilitation. 

The program will start with a brief didactic introduction in the techniques and philosophy of physical 
medicine and rehabilitation, followed by three phases of training: 

(a) Clinical experience and responsibility if the practice of physical medicine in the several depart- 
ments of the Medical Center, and in rehabilitatign at the Institute for the Crippled and Disabled. 

(b) Periods of clinical training under the Departments of Neurology and Orthopaedic Surgery, and in 
special fields of internal medicine, to supplement théstude nt’s general experience in those clinical fields where 
physical medicine plays the greatest role. 

(c) Opportunities for research or instruction in the basic sciences, according to the student’s interest 
and aptitude. 

Further information may be obtained from Asgociate Professor Robert C. Darling, Coordinator of 
Physical Medicine and Rehabilitation, College of Igiysicians and Surgeons, 630 West 168 Street, New 
York 32, N. Y. ’ 
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Book Reviews 


ATLAS OF PERIPHERAL NERVE INguriEs. William R. Lyons, Ph.D., and Barnes Woodhall, M.D. Philadel- 
phia, W. B. Saunders Company, 1949. $16.00. 

Dr. Lyons, neuro-anatomist, and Dr. Woodhall, neurosurgeon, have assembled from their wartime 
experience a sweeping panorama of the gross and histological appearance of damaged nerves. In addition, 
they have presented a convenient summary of suggestions for treatment, based on their own studies and on 
the literature. The Ailas is profusely complete, and the quality of the reproductions is so good that the re- 
viewer can concur in the authors’ recommendation that the pictures be examined with a hand lens. Each 
group of photographs of a lesion is accompanied by enough clinical data to clothe the illustration with the 
realities which accompanied it. The well selected bibliography of 190 references with full titles includes most 
of the data thus far available in English from World War II, as well as important earlier articles. An omission 
is the superb four-volume work of Férster, published ten years after World War I as a series of supplements 
to the Handbuch der Neurologie. 

As one of their major recommendations, the authors urge that the definitive repair of traumatized nerves 
be deferred usually until after the third week following injury, and that it be done after healing of the original 
wound. They point out that, if the nerve is repaired earlier, the epineurium is too thin for easy suture, mobi- 
lization of the nerve to obtain necessary length may spread infection, and the extent of the damaged area of 
the nerve cannot be recognized by the surgeon. On the other hand, if the suture is deferred beyond one or 
two months, Schwann tubules in the distal nerve segment will have begun to shrink in size and to be sur- 
rounded by fibrosis, which will render incomplete such regeneration as occurs. The validity of this advice 
will be tested by the actual late results being recorded in the massive series of nerve injuries now under study 
at several centers in this country. 

Two of the authors’ main findings with respect to the vexing question of the amount of resection needed 
at the proximal ends of the nerves were: (1) the effects of battle trauma to nerves extend farther central to 
the main site of injury than is apparent to the eye, but (2) provided the nerve is resected proximal to most 
of the gross pathological change, it is of no great importance to reach the level of entirely normal nerve fibers. 
Microscopic study usually shows degenerative changes in the fibers for about one centimeter proximal to the 
last point of alteration grossly detectable. 

The writers have a particularly instructive section on traction lesions. The illustrations prove that the 
pathological changes in these conditions can be more severe than in any other form of nerve injury, ‘yet in 
practice such cases are most likely to suffer from a policy of non-intervention and procrastination”’. 

Their section on associated nerve and vascular lesions contains some striking facts. A major vascular 
injury occurred in 13 per cent. of the patients with peripheral-nerve suture reported in the Peripheral Nerve 
Registry. Many vascular lesions, notably the small arterial aneurysms, may be unrecognized prior to opera- 
tion and found without warning at a routine exploration of a nerve. Hence the surgeon engaging in the latter 
proredure should also have a full knowledge of vascular surgery. 

It is a pleasure to congratulate the authors on providing a unique reference work which, one fears, will 
become even more widely needed in the not-distant future than at present. 


NEOPLASMS OF BONE AND RELATED ConpiITIONS. THEIR ETIOLOGY, PATHOGENESIS, DIAGNOsIS, AND TREAT- 

MENT. Bradley L. Coley, M.D. New York, Paul B. Hoeber, Inc., 1949. $17.50. 

Because of Dr. Coley’s long association as Attending Surgeon in the Bone Tumor Department of the 
Memorial Hospital for Cancer and Allied Diseases in New York, an uncommonly large number of bone 
neoplasms have passed under his scrutiny. To the clinical aspects of such diseases the author has devoted 
most of his attention in this book, and for that reason it will be most welcome to the general physician who 
does not often encounter such lesions. Problems of diagnosis are fully discussed, as well as various therapeutic 
measures and their success or failure. Section One is devoted to the classification, etiology, and diagnosis of 
neoplasms of bone; a second section is given over to benign tumors and tumor-like lesions. Other sections 
deal with problems of surgical treatment and radiation therapy. A chapter on metastatic tumors involving 
bones will be of great interest. There are even a few pages explaining briefly what has been accomplished in 
the experimental production of bone sarcoma. 

All in all, Dr. Coley has here compiled practically the entire mass of available material in this broad 
field. It is as though, through the pages of this comprehensive study, the reader were given a digest of the 
material in the files of the Bone Sarcoma Registry. 


Attas or Human ANATOMY. DescrRIPTIVE AND REGIONAL, Vol. I. Osteology, Arthrology, Myology. M. W. 
Woerdeman, M.D., F.R.N.A.Sc. Amsterdam, Wetenschappelijke Uitgeverij, Baltimore, The Williams 
and Wilkins Company, 1948. $12.50. 

Because medical students in many countries have insufficient anatomical materia] for dissection, Dr. 
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Woerdeman, who is Professor of Anatomy and Embryology at the University of Amsterdam, is preparing 
an atlas of anatomy in which each plate is intended to be a true representation of an individual specimen, 
rather than a composite view of more-than one dissection. He hopes that, by comparison of plates and of 
actual dissections, the student will be made aware of the individual variations which exist in the structure 
of the human body. 

This work is to be presented in three volumes. Volume I deals with the locomotor apparatus. The later 
volumes will be concerned with splanchnology, the circulatory apparatus, nervous system and sense organs, 
and the peripheral vessels and nerves. 

The illustrations are of exceptionally good quality. Many plates are full-page; a few are in color. The 
section on myology is of especial interest, in that the muscle position and attachments, shown in color, are 
superimposed on the bone structure. The nomenclature is in Latin and follows the Basle Nomina Anatomica, 
brief captions being given in English. No text is included. 

This volume is beautifully prepared and should be of value to practitioners as well as students. 


Tumors or Bone. Ed. 3. Charles F. Geschickter, M.D., and Murray M. Copeland, M.D. Philadelphia, 

J. B. Lippincott Company, 1949. $17.50. 

This third edition of one of the most outstanding studies of tumors of bone to be published presents an 
even more complete review of all of the available material on this subject. In the original work, published in 
1931, the writers presented a storehouse of information, containing not only descriptions of the lesions then 
known, but also suggestions for classification of tumors and a valuable discussion of differential diagnosis. 
The present edition has been increased by 100 pages over the second edition, which appeared in 1937; and, 
because of the passage of time, the writers have been able to complete follow-up reports, with results which 
they feel justify their original classifications in regard to benign giant-cell tumor, chondroblastoma, chondro- 
sarcoma, and other entities. 

New chapters are included on fibrous dysplasia, osteoid osteoma, tumors of the spine, endocrine changes 
in bone, and other rare diseases of bone. There has been added a whole new section on tumors of non-osseous 
origin, and the problems arising from skeletal metastases are taken up. The chapter discussing endocrine 
disturbances and some rare diseases of unknown etiology will be of primary interest, in view of the current 
importance of all phases of endocrinology. 

One of the most valuable features of this third edition is the excellent and useful format of each chapter. 
Wherever possible, the following plan is adhered to: first the name of the neoplasm to be discussed, then its 
clinical features, roentgenographic features, gross pathology, microscopic features, histogenesis, etiology, 
treatment and prognosis, and finally a summarizing section. 

The illustrations of roentgenograms, photomicrographs, and gross specimens are of superior quality, 
and their number has been increased. The Table of Contents has been widened in its scope and would seem 
to be of greatly increased usefuiness. This also applies to the Index. As with the previous editions, at the end 
of each chapter there is a bibliography. 


Skin Grartina. Ed. 2. James Barrett Brown, M.D., and Frank McDowell, M.D. Philadelphia, J. B. Lip- 
pincott Company, 1949. $7.50. 

Brown and McDowell, in the second edition of their monograph on “Skin Grafting’’, have again made 
an outstanding contribution to the literature on the surgery of repair. The material is presented in the simple, 
straightforward manner which is characteristic of other publications by these authors. The emphasis is on 
broad principles applicable to all phases of reparative surgery, and yet the technical details of wound man- 
agement, skin transplantation, and preoperative and postoperative care are clearly and concisely recorded, 
so that they are understandable to surgeons with little experience in the field. 

The material from the first edition, which was concerned principally with the early and late care of 
burns, has been thoroughly revised. The discussion of burns is detailed “because burns present an unusually 
good opportunity for the study of wound healing’’. In addition to these valuable revisions, the scope of the 
book has been expanded to include recent advances, some of which stem from Dr. Brown’s war experiences. 
Full-thickness grafts from the base of the neck, composite grafts of skin and cartilage from the ear, perma- 
nent pigment injection, ear and nose reconstruction, and repair for a variety of defects resulting from re- 
moval of tumors, mechanical injuries, and chemical and electrical burns are described. 

There is a splendid section on the pathology and treatment of radiation injuries from ill-advised ex- 
pesure to roentgen rays and from atomic radiation in which excessive local exposure in an interval of a few 
seconds greatly accelerates the destructive processes. Dr. Brown has had experience with the latter as Con- 
sultant to the Atomic Energy Commission. 

To the surgeon dealing with burns and other trauma, the chapter on “Skin Grafting in Military Plastic 
Surgery” will prove invaluable. World War II stimulated an increasing awareness of the importance of the 
surface repair, either as a primary definitive measure or as a preparation for later deep surgery. Many princi- 
ples and methods evolved during that period are described and illustrated. 
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The philosophy of patient care, so well expressed on page 290 and in the concluding paragraphs of the 
last chapter, reflects the high-mindedness and character of the authors, and is a lesson to all whose responsi- 
bility it is to carry patients through a long period of surgical rehabilitation. 


PNEUMOARTHROGRAPHY OF THE KNEE JOINT WITH PARTICULAR REFERENCE TO THE SEMILUNAR CARTILAGES. 

Kjeld Andersen. Acta Orthopaedica Scandinavica, Supplementum IV, 1948. 

Kjeld Andersen, while assistant radiologist at the Copenhagen County Hospital in Gentofte, carried 
out pneumo-arthrographic studies of the knee joint. His material is presented in an orderly manner, with an 
introduction of historical interest. 

The pneumo-arthrographic studies were made with particular reference to the semilunar cartilages, and 
close attention to detail is emphasized in the injection of atmospheric air and in roentgenographic technique. 
Normal knees were thoroughly studied by means of anterior-posterior, lateral, and special-view roentgeno- 
grams. Roentgenograms were also taken of disc-shaped frozen sections of preparations of the knee, including 
sections of the tibia and the femur which were cut vertically and then radially through the extended knee; 
these were used as a base-line for the normal. 

Seven cases of eres: in preoperative diagnosis were made by the method, and these cases are presented 
in detail. The material studied comprises 150 cases. 

This monograph is an excellent review of the subject. Its usefulness is limited, however, and it does not 
replace the findings of a good physical examination or add much to the usual roentgenograms, except as a 
refinement aid in diagnosis. 


L’ORGANISATION DES Os. P. Lacroix. Liége, Editions Desoer, 1949. 

This study of osteogenesis is based on research undertaken by the author to clarify certain questions of 
surgical pathology. It deals with the structure of long bones of the adult, the method of their growth and 
development;- the growth of periosteum and its role in the organization of the diaphysis; the role of the 
epiphyseal cartilage in the growth in length of bone, and its function; and the growth of the bone marrow. 

The book presents an important study in a neglected field, and should be of value to all who in any 
capacity are interested in the question of the formation and structure of bone. 

The bibliography included will be helpful to all working in this field. 

This book is a compilation of articles prepared by Dr. Lacroix, two of which have been published in the 
Journal. The first of these articles, ‘Organizers and the Growth of Bone”’, appeared in the issue of April 
1947; the second, ‘‘The Growth of the Bone Marrow’’, in October 1949. 


Muscuies. TesTING AND Function. Henry O. Kendall and Florence P. Kendall. Baltimore, The Williams 

and Wilkins Company, 1949. $7.50. 

In these days, when the orthopaedic surgeon interested in the treatment of poliomyelitis is subjected to 
a barrage of treatises dealing with antispasmodics, ranging from curare to tolserol, all stemming from the 
Kenny emphasis on “spasm” as the all-important element of infantile paralysis, it is refreshing to read a 
book which stresses first principles and presents so clearly that most significant factor in the treatment and 
prognosis of the paralyzed patient,—the exact determination of muscle power. This book is « model of ac- 
curacy, thoroughness, and clarity of presentation. In a series of photographs, the action of every important 
muscle is clearly shown. The text explains how the tests are performed and what errors can be avoided. The 
two opening chapters on fundamental principles of muscle testing and on charts should be studied by every 





orthopaedic student. 

This book is an important addition to our armamentarium in the fight against poliomyelitis, and should 
be part of the working equipment of every physician who wants to treat paralytic cases with scientific 
precision. 


Comror’s ARTHRITIS AND ALLIED ConpiTiIons. Ed. 4. Joseph L. Hollander, M.D., Editor. Philadelphia, 

Lea and Febiger, 1949. $16.00. 

The first edition of Comroe’s Arthritis appeared in 1940, and was soon followed by a second and, in 
1944, a third edition. The present fourth edition represents a revision by seventeen collaborating editors 
under the leadership of Joseph L. Hollander. While the editorial board is composed mainly of internists with 
a special interest in the rheumatic diseases, two orthopaedic surgeons, John G. Kuhns and Theodore A. 
Potter, have been responsible for the chapters on the orthopaedic management of arthritis and on painful 
feet. 

Notwithstanding the advances in our knowledge of joint disease and the inclusion of new material, the 
editors deserve commendation for their achievement in shortening the present text by over 200 pages. When 
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the book is read as a whole, still further condensation seems possible and desirable by the use of cross ref- 
erences to avoid repetition of material on identical subjects. To cite one example, Bennett’s work on the 
shoulder lesions in baseball pitchers is summarized in the chapter on ‘The Painful Shoulder” as well as in 
that on “Traumatic Arthritis”. 

Additional brevity and clarity might also be obtained by a more orderly and concise presentation of sub- 
jects covered in certain individual chapters, and by dispensing with figures which fail to illustrate the ad- 
jacent text. A minor, but important, criticism can be laid to the proofreading. 

These criticisms may be regarded as constructive and are not meant to detract from the reviewer’s high 
regard for this text, which may justly be considered the most useful on the subject of joint disease yet to 
appear in this country. Many of the chapters represent scholarly, well-organized appraisals of our knowledge 
in certain fields of arthritis, which cannot be duplicated under one heading elsewhere. The summaries in box 
form, which are frequently interspersed throughout the text, provide valuable, quickly-read résumés of 
important material. Hench and Kendall’s work with cortisone and ACTH was announced just before the 
book went to press and is included in brief summary, with the perhaps premature implication that rheuma- 
toid arthritis is thus a disease of endocrine etiology. The subject of therapy, on which most publications on 
arthritis stand or fall, is in general well handled, with certain exceptions, such as the interval management 
of gout and the treatment of backache, where a more positive and critical stand would have been helpful to 
the reader. 

Subsequent editions should establish this book even more firmly as an authoritative treatise on arthritis, 
which can be recommended to both internists and orthopaedic surgeons. 


A TrextTsBook or Surgery. Ed. 5. By American Authors. Frederick Christopher, B.S., M.D., F.A.C.S., 

Editor. Philadelphia, W. B. Saunders Company, 1949. $13.00. 

The fifth edition of this work, which Dr. Christopher defines as “a cross-sectional presentation of the 
best in American surgery”’, has been prepared by the collaborative effort of almost two hundred well-known 
surgeons. In so far as possible, the material has been set up according to etiology, pathology, diagnosis, prog- 
nosis, and treatment. As in previous editions, the plan has been to present only accepted methods of surgery, 
omitting that which is controversial or insufficiently tested, so that the student may have an authoritative 
source of information. 

In this edition new sections have been added, the arrangement of material has been altered somewhat, 


and many portions have been re-written. Extensive changes, of interest to the orthopaedic surgeon, concern 
chemotherapy of surgical infections, pathology and repair of fractures and their operative treatment, frac- 
tures of the femur, and aseptic surgical technique. 

To those familiar with earlier editions of this textbook, it needs no recommendation. The high standards 
set by Dr. Christopher in the past have been well maintained in the most recent edition. 


THE ScreNcE AND ArT oF Joint MAnipuLation. Vol. 1, Ed. 2—The Extremities. James Mennell, M.A., 
M.D., B.C. (Cantab.). London, J. and A. Churchill, Ltd., 24 shillings; Philadelphia, The Blakiston 
Company, 1949. $7.50. 

This second edition of Dr. Mennell’s contribution to the science of joint manipulation appears to offer 
all of the excellent material found in the first edition, plus some valuable new discussions. Three new and two 
alternative techniques are described,—two concerning the manipulation of the shoulder joint and one that 
of the cuboid joints. The number of illustrations has been increased, and several of the roentgenograms have 
been replaced. 

The especial value of this volume would seem to lie in its excellent organization and clarity, making it 
useful not only to the experienced orthopaedic surgeon, but also to the physical therapist and the student. 
Dr. Mennell’s aim has been more than the mere setting forth of the bare scientific facts relating” to joint 
manipulation. He has clarified the successful application of these facts. 


SurGIcAL AND MAXILLOFACIAL ProstHesis. Oscar Edward Beder. New York, King’s Crown Press, 1949. 
$3.00. 

The importance of prosthetic rectoration in the correction of non-operable maxillofacial defects is now 
well recognized. Prostheses have also been used as temporary aids in surgical operations by immobilizing 
parts and giving support to soft tissues. 

The book describes the technique o. che construction of various prosthetic appliances. It is divided into 
seven chapters, describing the construction of splints and obturators, prosthetic restoration of various parts 
of the face and jaws, and the use of dental composition. The fourth chapter, devoted to the construction of 
protective shields for use in oral and face radiation therapy, is of especial interest. 

Primarily, the book is a laboratory manual for dental technicians. 
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